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Alkaline phosphatase (ALP) is a natural milk enzyme. It has been used as 
reporter for  process controls in food industry. Since ALP denatures at  
pasteurization temperature (at 63°C or 72°)  its detection in milk confirms the 
unproper pasteurization. There are different detection procedures such as 
colorimetric, fluorometric methods and immunoassays for ALP in milk. 
However, they are time consuming processes and require specific instruments 
and qualified staff. In this study,  new, semiquantitative, disposable, cheap and 
practical paper bioreporter have been developed for ALP detection. 
In optimization studies, 1mg/mL p-NPP in 0.1 M glycine buffer at pH 9.5 and 0.5 
mg/mL bromocresol green in 1.0 M Tris-HCl buffer at pH 9.5 were determined 
as optimum for ALP bioreporter as a result of visual inspection and green color 





The effects of samples temperature and pH of on the response of bioreporter 
were tested. Milk samples at pH 5.0, 5.5, 6.0 and 6.5 and milks stored at 37°C, 
room temperature and 4°C did not affect the response of bioreporter.  
Also the response of bioreporter against milk samples from different animals 
(cattle, sheep and goat) and cow’s milk from different location in Turkey were 
evaluated. The appropriate responses were observed by  bioreporter. 
Whatman filter papers, cotton and bandage were used as support materials to 
construct bioreporter and Whatman filter papers were selected as the most 
applicaple support material. 
Finally, stability tests were carried out at 4°C and room temperature and 40 
days at 4°C was determined as shelf life of bioreporter. 
 








   ÖZ 
 
    SÜT PASTÖRİZASYONUNUN BELİRLENMESİ İÇİN ALKALEN FOSFATAZ 
TABANLI KAĞIT TİPİ BİYORAPORTÖRÜNÜN GELİŞTİRİLMESİ 
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Alkalen fosfataz  çiğ sütte bulunan doğal bir enzimdir. Bu enzim gıda sektöründe 
işlem kontrolleri için muhabir olarak kullanılabilir. Pastörizasyon işlemi sırasında  
(63°C yada 72°C)  denatüre olduğu için sütün içerisindeki tanısı yapılan 
pastörizasyon işleminin doğru yapılmadığının göstergesi olarak kullanılır. 
Günümüzde sütteki alkalen fosfatazın tespiti için spektrofotometrik, 
kalorimetrik ve florometrik yöntemler vardır. Fakat bu yöntemler zaman alan 
işlemlerdir ve özel araç ve deneyimli personel gerektirir. Bu çalışmada, alkalin 
fosfatazın tanısı için yeni,yarı kantitatif tek kullanımlık, ucuz ve pratik kağıt tipi 
biyoraportör geliştirilmektedir. 
Optimizasyon çalışmasında, görsel verilerin ve renk analizinin sonuçlarına göre 1 
mg/mL p-NPP 0.1 M glisin tampon çözeltisinde ve 0.5 mg/mL bromokresol 






Süt örneklerinin pH ve sıcaklıklarının biyoraportör cevabı üzerindeki etkisi test 
edilmiştir. pH 5.0, 5.5, 6.0 ve 6.5 ta olan süt örnekleri ve 37°C, oda sıcaklığı ve 
4°C de bekletilen süt örneklerinin biyoraportörün cevabını etkilemediği 
görülmüştür. 
Ayrıca farklı hayvanlardan (sığır, koyun ve keçi) ve Türkiye’nin farklı 
bölgelerinden gelen inek sütü örneklerinin biyoraportörün cevabı üzerindeki 
etkisi değerlendirilmiştir. Biyoraportör tarafından uygun cevap alınmıştır. 
Whatman filtre kağıdı, pamuk ve sargı bezi biyoraportötün yapımı için destek 
materyali olarak kullanılmış ve en uygun materyali olarak Whatman filtre kağıdı 
seçilmiştir. 
Son olarak biyoraportörün kararlıklık çalışmaları 4 santigrat derecede ve oda 
sıcaklığında  gerçekleştirilmiş ve biyoraportörün raf ömrü 4 santigrat derecede 
40 gün olarak belirlenmiştir. 
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The idea of measuring some analytes in blood by an oxygen electrode had arised 
the concept of biosensor in 1962 (Clark & Lyons, 1962). Professor Leland C Clark 
Jnr was inventor of the first sensor measuring the glucose concentration in blood 
with the use of an enzyme, glucose oxidase, and oxygen electrode (Clark & Lyons, 
1962). Since the invention of the first electrochemical sensor for glucose detection, 
the research area throughout the world has been focused on the development of 
many biosensors for a variety of analytes. The definition of biosensor has been 
stated at different studies in literatures; however, the main idea has been agreed 
on the components of biosensor.  
According to Mello and Kubota ( 2002), “ Biosensors are a sub group of chemical 
sensors in which are analytical devices composed of a biological recognition 
element (such as enzyme, antibody, receptor or micro- organisms) coupled to a 
chemical or physical transducer (electrochemical, mass,  optical  and  thermal)”. 
 As shown in Figure 1.1, bioreceptor with the binding of an analyte converts 
specific response to a quantitative signal by a transducer coupled to it (Luong et 
al., 1997). The quantitative signal represented by biosensor is correlated with the 






Figure 1.1.The representative figure of biosensor and its components (Newman et 
al. 2004; Terry et al., 2005)  
 
The increase in the demands for practical and reliable methods for the detection of 
different analytes has been lead to the development of biosensors. Their 
advantages over classical techniques such as spectrophotometry and 
chromatography have made them significant for a wide range of area (Mello & 
Kubota, 2002). The biosensors have shown high selectivity and specificity for the 
analytes to be detected owing to their biological recognition element (Chaplin, 
2000). Generally, they are tolerable to the changes in the condition such as 
temperature and pH. The main advantages of biosensor which make them the 
most effective system today are their low production cost, portability and the 
opportunity for fast analysis (Chaplin, 2000; Mello & Kubota, 2002).  
1.2 Classification of Biosensors 
The increase in the application area therefore the increase in the types of analyte 
has given rise to the variety in the biological recognizer and transducer for the 
construction of biosensor. These two components of biosensor have been changed 
according to the specific properties of analytes in sample and the types of signal to 





biosensors can be performed according to the biological element and the mode of 
signal to be transferred (Mello & Kubota, 2002). The Figure 1.2 (Mello & Kubota, 
2002) represents some analytes, recognizer components for the detection of these 
analytes and different transducers for the conversion of responses to specific 
signals. 
 
Figure1.2. Biocomponent and transducers employed in construction of biosensors 





1.2.1 Classification of Biosensors According to Bioreceptor Element 
As it is mentioned, the biological elements have provided biosensors with high 
selectivity and specificity for the analytes (Mello & Kubota, 2002). The biological 
elements, enzymes, antibodies, antigens, cells, organelles, proteins, aptamers, 
oligonucleotides, can be used in the construction of biosensor and their 
recognition properties have given rise to two basic groups of biosensor which are 
the biocatalytic and bioaffinity biosensors (Mello & Kubota, 2002). 
1.2.1.1 Biocatalytic biosensor 
In this type of biosensor, binding of biological elements with the analytes is based 
on the biocatalytic reactions (D’Orazio, 2003). The measurements of rate of 
product formation, the consumption of substrate and inhibition of the reaction 
have been correlated with the concentration of analytes in samples (Marazuela & 
Moreno-Bondi, 2002). The typical recognition element can be enzyme, whole cells 
from different microorganism and even the piece of tissue from animal or plant 
(Davis et al., 1995). Among these the usage of enzyme as biological element is 
common for the construction of biosensor (Thévenot et al., 2001, Marazuela & 
Moreno-Bondi, 2002). The opportunity of having different transduction principles 
has made enzyme as the commonly used biological elements in biosensor 
construction (Marazuela & Moreno-Bondi, 2002). 
As it is mentioned, the first biosensor described by Clark and Lyons was for the 
detection of glucose in blood. 
                glucose + O2              gluconic acid + H2O                           (1) 
The basic principle was the measurement of the consumption of oxygen in the 





biosensor (Clark & Lyons, 1962; D’Orazio, 2003). After this study, different 
enzymes were used for the construction of biosensor for the application in 
different area.  
For the determination of penicillin production in fermentation medium, the 
enzyme penicillinease was immobilized on an electrode surface.  The immobilized 
penicillinase converted penicillin into penicilloic acid; the resulted pH changes in 
medium represented the presence of penicillin concentration (Guilbault, 1984). 
Another example, the aspartame biosensor (Guilbault et al., 1988) was 
constructed by the immobilization of carboxypeptidase and L-aspartase on 
electrode. The aspartame was cleaved by the action of carboxypeptidase and the 
intermediate product, L-aspartic acid was deaminated by L-aspartase. The 
ammonium ions as an end product were detected with electrodes. 
In addition to enzymes whole cells have been used as biological elements for the 
recognition of analytes. The usage of whole cells has provided many advantages 
(Marazuela & Moreno-Bondi, 2002). The changes in pH and temperature of 
medium have not shown significant effect on the responses of whole cell based 
biosensors as compared with enzyme based biosensors. Instead of isolation and 
purification of enzyme some cells such as bacteria and yeast have been easily 
isolated from natural sources and applied to biosensor. Moreover, cells have 
provided many different enzymes to detect different analytes without any cofactor 
requirement from outside (Marazuela & Moreno-Bondi, 2002). 
In literature, different studies have shown the use of bacteria, yeast, plant and 
animal cells in the construction of whole cell based biosensor. In the Table 1.1 





The animal and plant tissue slices have been also studied as recognizing element in 
biosensors. For example, biosensor constructed with algae cells has detected the 
presence of herbicides in wastewater by measuring the chlorophyll  fluorescence 
(Frense  et al., 1998) 
 
Table 1.1 Microorganisms used as biomolecules for development of microbial 






1.2.1.2 Bioaffinity biosensor 
The basic principle of bioaffinity biosensors is different from the catalytic reaction 
between the biological element and analytes as in the biocatalytic biosensor. The 
presence of higher affinity leads to the binding reaction between biological 
elements and analytes and the stable complex formed induces the physicho-
chemical change. The bioaffinity biosensors, therefore, relies on this change for 
the detection of analytes (Mello & Kubota, 2002).  
 The biological elements in the construction of bioaffinity biosensor are antibodies, 
receptors and nucleic acids (Mello & Kubota, 2002; Sharma et al., 2003). The most 
common bioaffinity biosensor is the immunosensor which is based on the specific 
binding of antibody with antigen. By labeling antibody or antigen with certain 
enzymes such as peroxidase, alkaline phosphatase and glucose oxidase or with 
fluorescent compounds, electrochemically active substrates, radionuclides or 
avidin–biotin complexes the analytes are sensed as a result of detected signals 
(Scheller et al., 2001; Mello & Kubota, 2002).   
1.2.2 The Classification of Biosensors According to Transducer Element 
The detection of analyte by biosensor is monitored in different ways according to 
the interaction between the biological elements and the analytes. The 
consumption rate of oxygen, the production of hydrogen peroxide, the changes in 
pH, temperature, conductivity and mass have provided biosensor with the variety 
in the type of transducer. As shown in Figure 1.2 (Mello & Kubota, 2002), 
biosensors are classified according to their transducer as electrochemical, optic, 
piezoelectronic and thermal biosensors (Mello & Kubota, 2002). The advantages 










1.2.2.1 Electrochemical Biosensors 
“The basic principle of electrochemical sensors is that the electroactive analyte 
species is oxidized or reduced on the working electrode surface, which is subjected 





electrical parameters resulting from redox reaction, as a function of the type or 
concentration of analyte, is measured” (Ahmed et al., 2008). The electrochemical 
biosensors provide many areas with the advantages of low cost for production and 
fast analysis for different analytes (Luong et al., 1988). The electrochemical 
biosensors are furthered classified into conductometric, potentiometric and 
amperometric biosensors (Mello & Kubota, 2002).  
1.2.2.1.1 Conductometric Biosensor 
In conductometric biosensors the detection of analytes relies on the changes in 
conductivity of medium by the action of recognizing element (Mello & Kubota, 
2002). Generally, enzymes are used as biological element to detect the changes in 
ionic strength, therefore the conductivity, resulted from the enzymatic reaction 
between anayte and immobilized enzyme (Grieshaber et al., 2008). The detection 
of drug in human urine is one of the examples for the application of enzyme based 
conductometric biosensors for the diagnostic purposes (Yagiuda et al., 1996). In 
addition to enzymes, cells are also studied as recognizer in the construction of 
conductometric biosensor (Chouteau et al., 2004). Although there are different 
studies for conductometric biosensor, it is not generally preferred in use due to its 
drawbacks, such as being non specific and having poor signal/noise ratio (Mello & 
Kubota, 2002).  
1.2.2.1.2 Potentiometric   Biosensor 
The change in the ion concentration or pH of the medium forms the basis of the 
working principle of potentiometric biosensor (Mello & Kubota, 2002). Three 
different electrodes, ion- selective electrodes (IES), coated wire electrodes (CWES) 
and field effect transistors (FETS) can be used to measure the potential differences 





elements enzymes, antigens and antibodies are immobilized on transducer and 
changes in the potential due to enzymatic reactions or complex formation 
between antigens and antibodies are measured in this type of biosensor (Mello & 
Kubota, 2002). The most common example of potentiometric biosensor is the pH 
biosensor (Stradiotto et al., 2003).  
1.2.2.1.3 Amperometric   Biosensor 
“The amperometric biosensors measure the current produced for the chemical 
reaction of an electroative species to an applied potential, which is related to the 
concentration of the species in solution” (Mello & Kubota, 2002). The basic 
principle is the transfer of electrons from or to analytes as a result of oxidation-
reduction reaction (Mello & Kubota, 2002; Prodromidis & Karayannis, 2002). 
The detection of analytes in medium is correlated with the consumption of 
oxygen, the formation of hydrogen peroxide(H2O2) or the reductation of β-
nicotinamide adenine dinucleotide (phosphate) (NAD(P)H) in the reaction medium 
(Prodromidis & Karayannis, 2002). 
The most famous amperometric biosensor is the glucose biosensor which was first 
constructed by Clark and Lord in 1962. The immobilized enzyme, glucose oxidase, 
degrades glucose molecules with the consumption of oxygen and the 
measurement of oxygen level amperometrically was correlated with the 
concentration of glucose in medium (Clark & Lyons, 1962; D’Orazio, 2003; Mello & 
Kubota, 2002). 
Another example of amperometric biosensor is the ATP biosensor (Kueng et al., 
2004). The two enzymes, glucose oxidase (GOD) and hexokinase (HEX) were 





action of these enzymes leaded to decrease in signal compared to ATP 
concentration. 
 1.2.2.2 Optic Biosensors 
“An optical fiber-based biosensor is a biosensor that employs an optical fiber or 
optical fiber bundle, as a platform for the biological recognition element, and as a 
conduit for excitation light and/or the resultant signal” (Monk & Walt, 2004). They 
measure the responses to illumination or to emission of light resulting from the 
interaction between the analytes and recognizer element (Mehrab et al., 2000). 
The detection principles of optic biosensors are provided from UV–Vis absorption, 
bio/chemiluminescence, fluorescence/phosphorescence, reflectance, scattering 
and refractive index (Mello & Kubota, 2002). According to the recognition 
elements used for construction optical fiber based biosensors are classified into 
five groups; enzyme, immunoassay, nucleic acid, whole cell and biomimetric 
optical fiber-based biosensors.  
In the enzyme optical fiber based biosensor, the reaction between immobilized 
enzymes with its substrate gives product with optical properties such as 
absorbance, reflectance or fluorescence (Monk & Walt, 2004). As an example, the 
detection of pesticides with the use of acetylcholinesterase was studied by 
Andreou and Clonis (Andreou & Clonis, 2002). The change in pH as a result of 
enzymatic activity was monitored with the pH absorbance indicator bromocresol 
purple (Andreou & Clonis, 2002). 
The immunoassay optical fiber based biosensor is based on the detection of an 
optical properties resulted from the interaction between antibody and antigen 





secondary antibody were used for the detection of protein C (PC) can be shown as 
an example for immunoassay optical fiber based biosensor (Balcer et al., 2002). 
The hybridization of single stranded DNA with its complementary sequence forms 
the of detection principle in nucleic acid optical fiber based biosensor. One of the 
single stranded DNA is immobilized to optical surface and hybridized with other 
sequence which is labeled with optical indicator such as fluorescens (Monk & Walt, 
2004). 
The whole cell optical fiber based biosensor uses the cell for the detection of 
optical property resulting from the interaction between analytes and cells. 
Generally this type of biosensor is studied for the detection of toxic molecules with 
genetically engineered bioluminescent bacteria (Monk & Walt, 2004; Gu et al., 
1999; Gu & Gil ,2001) In biomimetric optical fiber-based biosensors the detection 
of analytes is performed by a nonbiological element which resembles to a 
biological recognizer based on its selectivity (Monk & Walt, 2004). 
Optical biosensors provide certain advantages such as being accurate and 
providing better signal/noise ratio even though the construction processes are 
costly (Monk & Walt, 2004). 
1.2.2.3 Piezoelectric Biosensors 
In piezoelectronic biosensor, “ analyte  detection  is  based  on  adsorbate 
recognition where selective binding causes a mass change  which  is  identified  by  
a  corresponding change in the acoustic parameters of the PQC ” (Bunde et al., 
1998). The change in the frequency of oscillation as a consequence of change in 
the mass of crystal is correlated with the interaction between the analytes and 





construct piezoelectronic biosensors for the detection of pathogenic 
microorganisms, gases, aromas, pesticides, hormones and others (Mello & Kubota, 
2002; Abad et al., 1998; Horacek et al., 1998; Bizet et al., 1999; Ivnitski et al., 1999; 
Wu, 1999; Babacan et al., 2000). 
1.2.2.4 Thermal Biosensors 
Thermometric biosensors measure the change in energy resulting from the 
production or absorption of heat during a reaction between analytes and 
biological recognizers (Ramanathan & Danielsson, 2001; Mello & Kubota, 2002). 
The enzyme, microbial cells and antibodies are used in thermal biosensor as 
recognizing element, however, the application of enzymes are common due to 
their high selectivity and stability (Ramanathan et al., 1999; Mello & Kubota, 
2002). Thermal biosensors are used for the detection of different analytes such as 
ethanol (Guilbault et al., 1983), glucose (Mandenius  et  al.,  1985), oxalate 
(Winquist et al., 1985), urea (Xie  et  al.,  1994), ascorbate (Mattiasson & 
Danielsson,  1982), penicillin (Decristoforo & Danielsson,  1984), heavy  metal  ions  
such  as  Hg2+,  Cu+2   and  Ag+ (Mattiasson  et    al., 1978;  Preininger & 
Danielsson,  1996) and retinol (vitamin   A) (Ramanathan   et   al.,   2000).  
1.3 Application of Biosensors in Food Industry 
The development in the production of biosensor for a variety of analytes has 
shown a significant effect in food industry. The applications of biosensor have 
replaced the use of analytical methods which are time consuming and 
uneconomical. In food industry, biosensors are used   to determine the 
composition of product, to ensure the safety of food and to control the process 





In literature there are different studies for the construction of biosensors for the 
monitoring of carbohydrates, alcohols, amino acids, amines, organic and inorganic 
compounds and contaminants such as microorganisms, toxins, pesticides and 
additives. Examples of each compound have been given in the following part. 
The determination of fructose content in honey was performed by the action of D-
fructose dehydrogenase immobilized on the surface of electrode (Bassi et al., 
1998).The fructose content of juice and sweetener was also shown by 
amperometric biosensors (Boujtita et al., 2000; Garcia et al., 1998). The lactose 
content of milk was determined potentiometrically with the biological elements, β-
galactosidase, lactozym and Saccharomyces cerevisia (Ama´rita et al., 1997).  
Alcoholic beverages such as wine and beer were tested for their ethanol content 
with the use of enzyme based biosensors.  In these biosensors alcohol 
dehydrogenase and alcohol oxidase were immobilized to amperometric electrode 
surface and the changes in the current were correlated with the alcohol content in 
certain beverages (Boujtita et al., 2000; Katrlı´k et al., 1998). 
In order to determine the L-amino acid content of milk, fruit juice and wine 
different amperometric biosensors were constructed. L-glutamate oxidase, L-
lysine-α-oxidase and L-malate dehydrogenase were used as recognizer elements to 
detect the presence of glutamate, lysine and malate in beverages respectively 
(Matsumoto et al., 1998; Curulli et al., 1998; Gajovic et al., 1997). 
The levels of accumulation of xanthine and hypoxanthine in fish are the markers 
for fish freshness; therefore, biosensors constructed with xanthine oxidase were 





The contamination of foods with bacteria, especially with E.coli and Salmonella 
was determined by biosensors with different transducers. Instead of enzymes, 
antibodies were used for the detection of bacteria in food, chickens and egg 
(Hamid et al., 1999; Su et al., 2001). 
In literature, the detection of pesticides, herbicides and toxins in foods, vegetables 
and fruits were also studied. For the construction of these biosensors, certain 
enzymes (acetylcholinesterase, tyrosinase and choline oxidase) and antibodies 
(Anti-aflatoxin antibody, Anti-Staphylococcal enterotoxin B antibody) were 
immobilized to the surface of amperometric, optic, potentiometric and 
piezoelectronic transducers (Medyantseva et al., 1998; Pita et al., 1997; Palchetti 
et al., 1997; Carter et al., 1997; Rasooly & Rasooly, 1999).  
In addition to the determination of composition biosensors are used to control the 
processes in food industry. The fermentations, biotransformations, downstream 
processes are controlled with use of biosensors (Becker et al., 2007). 
Biosensors can also be used to control different processes in food industry for the 
improvements of the effectiveness of processes (Ferreira et al., 2003). The use of 
biosensors is generally for the control of pH, temperature of reaction medium, 
concentration of oxygen, carbon dioxide, substrate and product concentrations in 
fermentation medium (Ferreira et al., 2003). As an example, the control of glucose 
concentration during the fed-batch fermentation process by the use of glucose 
biosensor was studied by Hitzmann et al (Hitzmann et al., 2000). The lactose 
biosensor was also studied to control the production of β-galactosidase by the 






1.4 Pasteurization of Milk 
Pasteurization which is one of the thermal processes applied in food production 
plays important roles in food industry. The application of pasteurization process 
provides with milk and milk products to have longer shelf life and to ensure the 
safety of end product (Dinnella et al., 2004).  
 
 
Figure 1.3 The representative figure of pasteurizer of milk (Riverol et al., 2008) 
 
At the first step of the pasteurization process, raw milk is heated to pasteurization 
temperature (63˚ or 72˚) while passing through plate heat exchanger as shown in 
Figure 1.3 (Riverol et al., 2008). At holding tube heated milk is stored for 30 min at 
63˚C or 15 sec at 72˚C to maintain holding time. Then, pasteurized milk is chilled at 





Since the pasteurization process is the last and the important step for the milk 
production before reaching to consumers, pasteurized milk has to be controlled to 
ensure the desired properties (Mortier et al., 2000). Pasteurization  of milk has to 
eliminate pathogenic microorganisms from the end product and increase the shelf 
life of the product without damaging the nutritional value of milk (Mortier et al., 
2000).  
In literature, there are three different approaches for the control of thermal 
processes in food industry (Van Loey et al., 1996; Dinnella et al., 2004). In the first 
approach, the effectiveness of process is determined by comparing the level of 
microorganisms in product before and after the application of heat. The second 
approach depends on the characteristic of microorganism upon the application of 
heat treatment. The effects of heat treatment and its duration are evaluated 
quantitatively as the number of microorganisms in product. The last approach 
makes the use of indicator to control the efficiency of process (Dinnella et al., 
2004). The indicator used to evaluate the effectiveness of time-temperature 
combination in thermal process is stated by Sherlock et al. as ‘‘an indicator  is  a  
small  device  that  shows  for  a  selected temperature, easily, accurately and 
precisely measurable irreversible changes that mimic the change of a target 
attribute undergoing  the  same temperature exposure’’ (Sherlock et al., 1991). 
The best molecules providing the requirements as indicator are the enzymes. The 
conformational changes leading to the denaturation of enzymes as a result of heat 
treatment are easily evaluated (Dinnella et al., 2004). The enzymes as the indicator 
for the effectiveness of thermal process are generally endogenous enzymes 






1.5 Alkaline phosphatase as An Indicator in Pasteurization Process 
Alkaline phosphatase (ALP) is a membrane-bound protein found naturally in 
unpasteurized milk including bovine milk (Vega-Warner et al. 1999). Bovine ALP 
(EC 3.1.3.1; phosphatase) is a glycoprotein containing sialic acid with molecular 
weight of 187 kDa (Chen et al., 2006). Bovine ALP contains at least three isoforms 
which typically possess two N-linked and one or more O-linked glycans per 
monomer (Neumann & Lustig, 1980). The enzymatic reaction of alkaline 
phosphatase is optimum at pH 8 to 10 however the optimum pH value depends on 
the substrate used in enzymatic reaction. 
The thermal inactivation of alkaline phosphatase in milk is performed at a slightly 
higher time-temperature combination than sterilization condition of pathogenic 
microorganisms especially Mycobacterium tuberculosis, therefore, the assay for 
the detection of alkaline phosphatase in milk after pasteurization is used as an 
indicator of the effectiveness of process (Griffiths, 1986; Andrews et al., 1987; 
McKellar & Emmons, 1991; Wilin´ska et al., 2007). The heat treatment at 63˚C for 
30 min or 72˚C for 15 sec which represent the time-temperature combination of 
pasteurization process inactivates ALP as well as pathogenic microorganisms in 
milk (Vega-Warner et al., 1999). Due to its higher thermal resistance compared 
with that of microorganisms ALP is used widely for the indication of lower limit of 
pasteurization process (Fadıloğlu et al., 2006; Wilin´ska et al., 2007). The detection 
of alkaline phosphatase was performed with the use of different substrate 
selected according to the detection principles. For example, based on colorimetric 
detection methods p-nitrophenyl phosphate and phenolphthalein phosphate were 
selected as substrate (Ishikawa, 1987; Wilkinson & Vodden, 1966; Zhu et al., 2006). 
The electrochemical detection of ALP was studied with p-cyanophenyl phosphate, 





phosphate, (Kreuzer et al., 1999; Gehring, et al., 1999; Masson et al., 1999; 
Masson et al., 2004; Zhu et al., 2006). As chemiluminescent substrate, cortisol-21-
phosphate, adenosine-3’-phosphate-5’-phosphosulfate were used in different 
assay systems (Lin et al., 1997; Kokado et al., 1997; Arakawa et al., 2003; Zhu et al., 
2006). Salicylic acid phosphate, 4-methylumbelliferone phosphate were used for 
fluorescent assay (Lianidou et al., 1994; Zhu et al., 2006).  
In literature different methods were studied for the determination of alkaline 
phosphatase in dairy products.  
Fenoll et al. (2002) studied the determination of alkaline phosphatase in fluid dairy 
products with the use of fluorimetric method. The basic principle depended on the 
formation of highly fluorescence product from the cleavage of non-fluorescent 
aromatic monophosphoric ester substrate by the action of ALP.  
Geneix et al. (2007) produced monoclonal antibody specific for bovine ALP and 
performed immunoassay for the detection of bovine alkaline phosphatase with p-
NPP substrate. Their aim was to determine the bovine alkaline phosphatase 
activity in milk without the effect of microbial source of ALP. 
The composite amperometric tyrosinase biosensor was developed for the 
detection of alkaline phospatase by Serra et al. (2005). The princible of tyrosinase 
biosensor was the detection of phenol generated by the action of ALP at the 
tyrosinase composite electrode through the electrochemical reduction of the o-






Figure 1.4.Schematic representation of alkaline phosphatase detection at the 
graphite–Teflon–tyrosinase electrode (Serra et al., 2005) 
 
Sharma et al. (2003) developed a strip to detect ALP in milk samples for the testing 
of effectiveness of pasteurization process. They immobilized substrate and 
chromogen to support material and the detection principle was based on the color 
change on paper. 
Chen et al. (2006) used the immunoglobulin in yolk (IgY) specific against bovine 
milk alkaline phosphatase as the detection element in competitive indirect 
enzyme-linked immunosorbent assay (CI-ELISA). They produced primary antibody 
specific for bovine alkaline phosphatase and used the antibody in assay of enzyme 
activity. 
Vega-Warner et al. (2000) provided a detection method for milk ALP with the use 
of polyclonal antibody in enzyme-linked immunosorbent assay (ELISA). Their aim 
was to develop ELISA method with poly-clonal antibody against milk alkaline 







1.6 Aim of the study 
In this study, the aim is the development of a paper bioreporter for the 
determination of alkaline phosphatase in milk as a sign of pasteurization efficiency. 
In the literature, there are different studies for the determination of residual 
alkaline phosphatase activity in pasteurized milk such as spectrophotometric, 
fluorometric methods and immunoassay. However, these methods are time 
consuming and expensive. They also requires qualified staff and specific 
instruments. As a result, the construction of this bioreporter has been completed 
the needs for cheap, practical, semiquantitative and single use bioreporter for 






       
CHAPTER 2 
 




2.1.1 Chemicals  
Alkaline phosphatase was purchased from Applichem Company. 4-nitrophenyl 
phosphate disodium salt hexahydrates (p-NPP disodium salt hexahydrates) and 
bromocresol green were purchased from Fluka and Sigma Chemical Company 
respectively. 
2.1.2 Support Materials 
As support material Whatman filter paper No .1, cotton of ear cleaning rod and 
bandage were used. Whatman filter paper No .1 was purchased from Whatman. 
2.1.3 Milk Samples 
Different milk samples were taken from milk and dairy products factory of Atatürk 
Orman Çifliği and Veterinary Faculty of Ankara University in ANKARA. The 
commercial UHT milk (Pınar Süt) was used for the preparation of milk samples 







2.2.1   Construction of Paper Based Bioreporter  
 
 
























2.2.1.1 Preparation of Substrate Solution 
 For the construction of paper based bioreporter the optimization studies were 
performed by dissolving of p-NPP in three different buffers each of which were 
prepared at four different pH values.  The 0.1 M glycine, 0.1 M sodium carbonate 
and 1.0 M diethanolamine buffers each of which was at pH 9.0, 9.5, 10.0 and 10.5 
were used and the concentration of 2 mg/mL of p-NPP was selected as stock 
substrate concentration. The concentration of 2 mg/mL of p-NPP was prepared by 
dissolving 2.9 mg of p-NPP sodium salt in 1 mL of corresponding buffer.  Substrate 
solutions were prepared freshly before each set of experiment and protected from 
direct light by covering containers with aluminum foil. 
 2.2.1.2   Preparation of Chromogen Solution 
 Bromocresol green selected as chromogen was dissolved in two different buffers, 
1 M Tris-HCl and 0.1 M Glycine buffers, at pH 9.0, 9.5, 10.0 and 10.5. As a stock 
solution 2 mg/mL of bromocresol green was used for optimization studies. 
Chromogen solutions were prepared freshly before each experiment. 
 2.2.1.3 Preparation of Enzyme Solutions 
The stock alkaline phosphatase enzyme solution was prepared in UHT milk at 
concentration of 100 units per mL. The concentration range of 0.1-10 U/mL 
alkaline phosphatase milk samples were prepared by dilution of stock enzyme 
solution with UHT milk. 
2.2.1.4 Absorption on Support Materials 
Freshly prepared p-NPP and bromocresol green solutions were mixed as 1:1 ratio 





mixture was applied on each piece of papers.  As a control papers absorbed with 
only bromocresol green solution were prepared. All absorbed papers were dried in 
dessicator under vacuum at 680 mmHg for 15 min. 
2.2.1.5 Substrate Optimization Studies 
To specify the optimum substrate concentration for bioreporter construction 0.1 
M glycine buffer with 1.0 mM magnesium chloride and 1.0 mM zinc chloride, 1.0 
M diethanolamine buffer and 0.1 M sodium carbonate buffer were prepared at pH 
9, 9.5, 10 and 10.5. The substrate stock solutions were prepared by dissolving 2 
mg/mL of p-NPP in these buffers and diluted into 1 mg/mL and 0.5 mg/mL with 
corresponding buffers. During substrate optimization studies the chromogen 
concentration was kept constant at 0.1 mg/mL of bromocresol green in 1 M Tris-
HCl buffer (pH 8.0). p-NPP solutions prepared in different buffers at selected pH 
values were mixed with bromocresol green solution and then absorbed to papers. 
After drying under vacuum color formation on papers following milk treatment 
with varying alkaline phosphatase concentrations were observed. 
2.2.1.6 Chromogen Optimization Studies 
 For the determination of optimum chromogen concentration 2mg/mL 
bromocresol green was dissolved in 1.0 M Tris-HCl buffer and 0.1 M Glycine buffer 
at pH 8, 8.5, 9 and 9.5. The stock solutions of bromocresol green were diluted with 
these buffers to final concentrations of 1 mg/mL, 0.5 mg/mL and 0.1 mg/mL. 
During the optimization studies of bromocresol green, p-NPP concentration was 
kept constant at 1 mg/mL in 0.1 M glycine buffer with 1.0 mM magnesium chloride 
and 1.0 mM zinc chloride. Papers were prepared by mixing substrate and 
chromogen solutions (1:1 ratio) and transferred to papers. Milk samples with 





2.2.2   The Effect of Sample Temperature on Bioreporter Response 
In order to determine the response of bioreporter to milk samples at different 
temperatures Whatman papers were prepared with 1 mg/mL p-NPP in 0.1 M 
glycine buffer at pH 9.5 and 0.5 mg/mL bromocresol green in 1.0 M Tris-HCl buffer 
at pH 9.5. Milk samples containing 0.1, 0.5, 1.0 and 5.0 unit per mL of alkaline 
phosphatase were stored at room temperature, 4°C and 37°C for 1 hour and then 
were tested against  changes in response of papers. As control, UHT milk and 
glycine buffer were also applied to papers. 
2.2.3 The Effect of Sample pH on Bioreporter Response 
The pH of milk samples containing 0.1, 0.5 and 1.0 units per mL of alkaline 
phosphatase were adjusted to values between 5 and 6.5. These samples were then 
applied to papers prepared with optimized substrate and chromogen solutions and 
the results were analyzed. The UHT milk and glycine buffer were used as control. 
2.2.4. The Response of Bioreporter to Different Milk Samples 
2.2.4.1 Milk Samples from Different Animal Sources 
In order to control the effectiveness of bioreporter against different sources of 
milk papers were prepared according to the result of optimization studies and 
responses of papers were tested with milk samples from sheep, goat and cattle.  
2.2.4.2 Lipid Free Milk Samples 
Milk samples from cattle, goat and sheep were centrifuged at 5000 rpm for 5 min 
at 25°C and the top lipid layers were removed. The result of lipid free milk samples 





negative responses, the lipid of UHT milk was removed and applied onto 
bioreporter. 
 2.2.4.3 Milk Samples from Different Location in Turkey 
The constructed papers were tested against to milk samples from Bozova, Konya, 
Burdur, Kırıkkale, Varollar, Çamlık, Kutludüğün and Yahyalı. The control of this 
experiment was performed with commercial UHT milk. 
2.2.5 Heat Treatment of Milk Samples  
The heat treatment was applied to the standard and raw milk samples at 50°C and 
60°C for 30 min in water bath. At 10 min interval samples were taken and tested 
for bioreporter response. 
2.2.6 Addition of Raw Milk to Pasteurized Milk 
To determine the contamination of pasteurized end product with raw milk, certain 
amount of raw milk sample from Kırıkkale were added to pasteurized milk. The 
detection of raw milk added to pasteurized milk at range of 0.1 % to 90 % was 
tested with prepared papers.  
2.2.7 Different Support Materials 
To find the most applicable support material for the construction of alkaline 
phosphatase bioreporter different materials were used in addition to Whatman 
filter paper. The cotton of ear cleaning rod and bandage were evaluated according 
to their response of UHT milk samples containing 0.5 U/mL of alkaline 






2.2.8 Shelf Life Study of Bioreporter 
According to the optimization studies papers were prepared with 1 mg/mL p-NPP 
in 0.1 M glycine buffer at pH 9.5 and 0.5 mg/mL bromocresol green in 1.0 M Tris-
HCl buffer at pH 9.5. They were stored in boxes covered with aluminum foil at 4°C 
and room temperature for 70 days. At 10 days interval the response of bioreporter 
were tested with milk sample of 0.5 units per mL alkaline phosphatase activity.  
2.2.9 The Enzymatic Assay of Alkaline phosphatase in Milk 
For plotting the standart alkaline phosphatase curve, p-NPP solution was prepared 
at a final concentration of 1 mg/mL in 0.1 M glycine buffer with 1.0 mM 
magnesium chloride and 1.0 mM zinc chloride at pH 9.5. As a blank solution, 2.9 
mL of p-NPP solution was mixed with 0.1 mL of UHT milk and stored at room 
temperature for 10 min. Test samples were also prepared by mixing 2.9 mL of p-
NPP solution with 0.1 mL of milk samples with alkaline phosphatase concentration 
ranging from 0.1 to 10 U/mL. Test samples were stored at room temperature for 
10 min and after storage the absorbance values of each sample at 405 nm were 
monitored against blank solution for 5 min. The units of enzyme solutions were 
determined with the following equation (Dilution factor; df, Millimolar extinction 
coefficient of p-nitrophenol at 405 nm; 18.5, Volume of enzyme used; 0.1mL and 
volume of assay; 3 mL). 
                                (ΔA405nm/min Test - ΔA405nm/min Blank)(3)(df) 
Units/mL enzyme=   






One unit will hydrolyze 1.0 µmole of p-nitrophenyl phosphate per minute at pH 9.5 
at room temperature. 
2.2.10 Summary of The Study 
Table 2.1 The parameters tested in the construction studies of alkaline 












Parameters in Construction Studies 









(pKa : 10.33) 
 
Diethanolamine 
Buffer  1.0 M 



























































































































































Table 2.3 The Support Materials and Stability Conditions of Bioreporter  
 Support Material Condition for Stability 
Test 
Bioreporter  











2.3 Green Color Intensity Ratio Analysis 
The quantitative analysis of color observed on papers after the application of 
different milk samples was performed by OBİTEK Obicolor Master Software. The 
papers were constructed according to the results of optimization studies of 
substrate and chromogen. The papers with optimized substrate and chromogen 
concentrations were dried in vacuum desicator at 680 mmHg for 15 min. The milk 
samples were applied to papers and after drying for 5 min the papers were 
scanned by Hewlett-Packard PSC 1400 with parameters of 24 bits. The images of 
papers were acquired with a flatbed scanner at 8 bit dynamic range (256 levels). 
The formation of green color on papers was analyzed with OBİTEK ObiColor Master 







Figure 2.2.Color intensity analysis performed by OBİTEK ObiColor Master Software. 
 
OBİTEK ObiColor Master Software is used for the measurement of RGB (red, blue 
and green) color intensity. It measures the color intensity between the value of 0 
and 255 corresponding to pure black and pure white respectively. In our study, the 
green color formed on papers was measured by dividing the green color intensity 
value with the total color intensity value (red, blue and green) represented in the 
following equation.  All the experiments were performed in triple sets. 
 
Green Color Intensity Ratio:   
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2.4 Statistical Analysis 
For the statistical analysis of the color intensity the Minitab 15.0 software package 
was used. The mean values and standard error of means (SEM) of replicates were 
calculated and the variance in mean values of different treatments was evaluated 
in one way analysis of variance (ANOVA) at 95 % confidence interval. All of the 
mean and standard error of mean values are tabulated at tables in Appendix B. 
 




















                                                    RESULTS AND DISCUSSION 
 
 
3.1 Optimization Studies 
The construction of alkaline phosphatase bioreporter for validation of 
pasteurization process began with a series of optimization  studies. In order to 
determine the optimum substrate and chromogen concentration different buffers 
at different pH values were tested according to their buffering range. p-
nitrophenlyphosphate and bromocresol green were used as the substrate and 
chromogen of alkaline phosphatase bioreporter respectively. The response of 
bioreporter to milk samples containing alkaline phosphatase within a 
concentration  range of 0.1-10 U/mL was observed as a color change. In the 
optimization studies, alkaline phosphatase solutions were  prepared in UHT milk 
since  buffers could not mimic the milk completely because of its complexity (Kelly 
& Fox, 2006). Therefore milk samples containing known amount of alkaline 
phosphatase were used to observe the response of bioreporter. Based on  visual 
inspection and green color intensity ratio analysis the optimum concentrations of 
p-NPP and bromocresol green were determined for further studies.  
3.1.1 Optimization Studies of Substrate 
In the optimization studies of p-NPP sodium carbonate , diethanol amine and 





concentration immobilized to papers. These buffers were prepared at pH values of 
9.0, 9.5, 10.0 and 10.5 within their buffering ranges. The stock solution of p-NPP 
was prepared as 2 mg/mL in these buffers at each pH value. 1 mg/mL and 0.5 
mg/mL p-NPP solutions were prepared by diluting the stock solutions in 
corresponding buffers. Throughout the optimization studies of substrate, 
chromogen concentration was kept constant. Bromocresol green was used as 0.1 
mg/mL in 1 M Tris-HCl buffer at pH 8.0. Each p-NPP solution was mixed with 
bromocresol green solution at 1:1 ratio and these mixtures were absorbed to 
papers. Milk samples containing different amount of alkaline phosphatase were 
applied to papers to observe color changes. 
3.1.1.1 p-NPP in Sodium Carbonate Buffer 
In the study stock solutions of 2 mg/mL of p-NPP were prepared in 0.1 M sodium 
carbonate buffer at pH 9.0, 9.5, 10.0, and 10.5. The other concentrations of 
substrate solution (1 mg/mL and 0.5 mg/mL) were prepared at each pH value. The 
effect of substrate concentration in sodium carbonate buffer at each pH value was 
observed visually. Figure 3.1 represents the results of sodium carbonate buffer at 





                                                   Alkaline phosphatase in UHT milk 
                      Past.Milk   10U/mL    5U/mL     1U/mL    0.5U/mL   0.1U/mL 
   2mg/mL                           
   1mg/mL                           
  0.5mg/mL                         
Figure 3.1. The effect of p-NPP concentration dissolved  in 0.1 M sodium carbonate 
buffer at pH 9.0 to the response of bioreporters 
 
As shown in Figure 3.1 the green color intensity increases with increase in the 
concentration of alkaline phosphatase in  milk and this increase is obvious in 
papers prepared with 2 mg/mL p-NPP concentration.  
In addition, the green color intensity ratio of these bioreporters were analysed 
(Figure 3.2). The papers prepared with 0.5 mg/mL of p-NPP have not shown any 
increase in the green color against increasing amount of alkaline phosphatase in 
milk while papers absorbed with 1 mg/mL and 2 mg/mL of p-NPP have shown. 








Figure 3.2.  The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 0.1 M sodium carbonate buffer at pH 9.0. Error 
bars represent standart error of mean (SEM). The tabulated intensity ratio values 
of graph are provided at Table B.1 in Appendix B. 
 
According to the results shown in Figure 3.1 and 3.2,  sodium carbonate buffer at 
pH 9.5 was tried to prepare substrate solutions at three  different concentrations. 
The response of the bioreporters  to milk samples which is the formation of green 
color upon the application of milk sample containing alkaline phosphatase were 
analysed visiually and the color intensity values were obtained. The color change in 
the papers at pH 9.5 showed similar results with papers at pH 9.0.  
As shown in Figure 3.3, the increase in green color intensity has been seen 
obviously in papers absorbed with 2 mg/mL of  p-NPP while the enzyme 



































                                               Alkaline phosphatase in UHT milk 
                      Past.Milk    10U/mL   5U/mL     1U/mL     0.5U/mL  0.1U/mL 
   2mg/mL                                 
   1mg/mL                                
   0.5mg/mL                           
Figure 3.3. The effect of p-NPP concentration dissolved in 0.1 M sodium carbonate 
buffer at pH 9.5 to the response of bioreporters. 
 
This result has been also supported with color intensity analysis. (Figure 3.4). The 
papers  prepared with 2 mg/mL of p-NPP in sodium carbonate buffer at pH 9.5  
have shown significant increase in green color with increasing enzyme 
concentration in milk. 
 However, alkaline phosphatase concentration of 10.0 U/mL has  brought about a 
decrease in color intensity value at this concentration of substrate. The  papers 
prepared with other concentration of p-NPP has not responsed appropiately. As a 








Figure 3.4. The analysis of green color intensity ratio of bioreporters prepared with 
different amounts of p-NPP in 0.1 M sodium carbonate buffer at pH 9.5. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.2 in Appendix B. 
 
The papers prepared with p-NPP solution in sodium carbonate buffer at pH 10.0 
have given the the responses shown in Figure 3.5 to milk samples containing 
different units of alkaline phosphatase. 
As the visual and color intensity analysis of papers prepared in substrate solution 
at pH 9.0  has been compared with papers at pH 10.0 , same results have obtained. 
The p-NPP solution at 2 mg/mL and 1 mg/mL concentration have represented  




































                                       Alkaline phosphatase in UHT milk 
                   Past.Milk  10U/mL    5U/mL     1U/mL    0.5U/mL   0.1U/mL 
   2mg/mL                          
   1mg/mL                          
  0.5mg/mL                       
Figure 3.5. The effect of p-NPP concentration dissolved in 0.1 M sodium carbonate 
buffer at pH 10.0 to the response of bioreporters 
 
 
Figure3.6. The analysis of green color intensity ratio of bioreporters prepared with 
different amounts of p-NPP in 0.1 M sodium carbonate buffer at pH 10.0. Error 
bars represent standart error of mean (SEM). The tabulated intensity ratio values 





































The sodium carbonate buffer at pH 10.5 was tested finally for the preparation of 
substrate solution since proper results were not taken from previous studies 
performed at pH 9.0, 9.5 and 10.0. However, as shown in the Figure 3.7 and 3.8 
representing the responses of papers to milk samples and the color intensity 
analysis respectively, sodium carbonate buffer at each pH value has given similar 
results which are not applicable for the construction of alkaline phosphatase 
bioreporter. Therefore, sodium carbonate buffer was not selected for the 
preparation of substrate solution. 
 
                                               Alkaline phosphatase in UHT milk 
                    Past.Milk  10U/mL    5U/mL     1U/mL     0.5U/mL   0.1U/mL 
   2mg/mL                    
   1mg/mL                      
  0.5mg/mL                    
Figure 3.7. The effect of p-NPP concentration dissolved in 0.1 M sodium carbonate 






Figure 3.8. The analysis of green color intensity ratio of bioreporters prepared with 
different amounts of p-NPP in 0.1 M sodium carbonate buffer at pH 10.5. Error 
bars represent standart error of mean (SEM). The tabulated intensity ratio values 
of graph are provided at Table B.4 in Appendix B. 
 
3.1.1.2 p-NPP in Diethanolamine Buffer 
The next set of experiment was preformed in 1 M diethanolamine buffer at four 
different pH values. The responses of papers to milk samples with different 
concentration of alkaline phosphatase were analysed by visually and numerical 
values of the color changes were used to support the visual analysis. The following 
figures represent the color changes of papers prepared with different p-NPP 




































                                              Alkaline phosphatase in UHT milk 
                  Past.Milk   10 U/mL    5 U/mL   1 U/mL   0.5 U/mL  0.1 U/mL 
   2 mg/mL                       
   1 mg/mL                     
 0.5 mg/mL                     
Figure 3.9. The effect of p-NPP concentration dissolved  in 1.0 M diethanolamine 
buffer at pH 9.0 to the response of bioreporters 
 
According to the visual analysis (Figure 3.9)  the changes in the color after the 
application of milk samples containing a range of alkaline phosphatase  
concentration have been similar in sodium carbonate and diethanolamine buffer. 
However, the color intensity analysis has represented different result. As shown in 
the figure below (Figure 3.10) the response of papers at 1 mg/mL of p-NPP 
concentration has been evaluated as appropriate when compared to the other 
concentration of substrate. The consistant increase in green color intensity has 
been observed to the alkaline phosphatase concentration of 5.0 U/mL . However, 
at the concentration of 10.0 U/mL of alkaline phosphatase the numerical value of 
green color has been decreasing which is not an expected result. It should 
represent at least a value approximately same with value of 5.0 U/mL of enzyme 
concentration. This result can be explained by the failure in scanning process of 






Figure 3.10. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 1.0 M diethanolamine at pH 9.0. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.5 in Appendix B. 
 
Since appropriate results could not be taken from the pH value of 9.0, the next 
experiment was performed with diethanol amine buffer at pH 9.5. Although the 
increase in green color intensity has been observed with increase in the enzyme 
concentration by visual analysis (Figure 3.11), these results are not supported 
quantitatively by color analysis (Figure 3.12). The scattered data represented in the 
graph has demostrated that the diethanolamine buffer at pH 9.5 is unpractical for 






































                                               Alkaline phosphatase in UHT milk 
                   Past.Milk  10U/mL   5U/mL    1U/mL    0.5U/mL  0.1U/mL 
   2mg/mL                      
   1mg/mL                     
  0.5mg/mL                  
Figure 3.11. The effect of p-NPP concentration dissolved in 1.0 M diethanolamine 
buffer at pH 9.5 to the response of bioreporters 
 
 
Figure 3.12. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 1.0 M diethanolamine buffer at pH 9.5. Error 
bars represent standart error of mean (SEM). The tabulated intensity ratio values 


































In consequence of impractical results, the pH value of substrate solution was 
increased to 10.0 and 10.5 to obtain  a workable and expected result for the 
construction of alkaline phophatase bioreporter. The visual analysis were 
peformed by observing  the formation of green color on papers after the 
application of milk samples. Figure 3.13 and Figure 3.15 represents the color 
changes on papers prepared with substrate solutions at pH 10.0 and 10.5, 
respectively. 
 
                                               Alkaline phosphatase in UHT milk 
                   Past.Milk   10U/mL  5U/mL     1U/mL    0.5U/mL  0.1U/mL 
   2mg/mL                      
   1mg/mL                      
  0.5mg/mL                   
Figure 3.13. The effect of p-NPP concentration dissolved in 1.0 M diethanolamine 







Figure 3.14. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 1.0 M diethanolamine  buffer at pH 10.0. Error 
bars represent standart error of mean (SEM). The tabulated intensity ratio values 
of graph are provided at Table B.7 in Appendix B. 
                                                                   
                                         Alkaline phosphatase in UHT milk 
                    Past.Milk    10U/mL   5U/mL     1U/mL     0.5U/mL   0.1U/mL 
   2mg/mL                       
   1mg/mL                  
 0.5mg/mL                
Figure 3.15. The effect of p-NPP concentration dissolved in 1.0 M diethanolamine 


































Figure 3.16. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 1.0 M diethanolamine at pH 10.5 Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.8 in Appendix B. 
 
The quantitative data of papers prepared at pH 10.0 (Figure 3.14) and 10.5 (Figure 
3.16) have shown approximately same results as compared with papers prepared 
at pH 9.5. The expected linear increase in green color intensity with increase in 
enzyme concentration were not achieved at both pH value. 
According to the visual and color analysis results , the diethanol amine was not 
prefered for the buffer of the optimum substrate solution. In addtion to the 
impractical results the diethanol amine buffer was not selected for the substrate 
solution due to the irritant property of its content. 
3.1.1.3 p-NPP in Glycine Buffer 
Final optimization study of p-NPP was conducted with glycine buffer at four 


































glycine buffer was supplemented with 1.0 mM magnesium chloride and 1.0 mM 
zinc chloride. According to studies the magnesium and zinc ions activates the 
alkaline phosphatase enzyme of Bos taurus (Strinson & Chan, 1987). Therefore, 
during the preparation of glycine buffer these ions were added in their salt forms. 
The stock solution of pNPP was prepared as 2 mg/mL at each pH value and 
solutions other concentration of substrate solutions were made from these stocks. 
Each p-NPP solution was mixed at 1:1 ratio with bromocresol green solution and 
absorbed to papers. Analysis was performed after the application of milk samples. 
The response of papers prepared at each pH value of glycine buffer and color 
intensity analysis of the green color formation is shown in the following figures 
sequentially.      
 
                                               Alkaline phosphatase in UHT milk 
                    Past.Milk  10U/mL    5U/mL   1U/mL     0.5U/mL  0.1U/mL 
   2mg/mL                     
 1mg/mL                    
  0.5mg/mL               
Figure 3.17. The effect of p-NPP concentration dissolved in 0.1 M glycine at pH 9.0 







Figure 3.18. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 0.1 M glycine buffer at pH 9.0. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.9 in Appendix B. 
 
                                               Alkaline phosphatase in UHT milk 
                    Past.Milk    10U/mL   5U/mL     1U/mL     0.5U/mL  0.1U/mL 
   2mg/mL                  
   1mg/mL                  
 0.5mg/mL                   
Figure 3.19. The effect of p-NPP concentration dissolved in 0.1 M glycine buffer at 



































Figure 3.20. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 0.1 M glycine buffer at pH 9.5. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.10 in Appendix B. 
 
                                               Alkaline phosphatase in UHT milk 
                    Past.Milk  10U/mL    5U/mL      1U/mL    0.5U/mL  0.1U/mL 
   2mg/mL                
   1mg/mL               
  0.5mg/mL              
Figure 3.21. The effect of p-NPP concentration dissolved in 0.1 M glycine buffer at 





































Figure 3.22. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 0.1 M glycine buffer at pH 10.0. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.11 in Appendix B. 
 
                                               Alkaline phosphatase in UHT milk 
                    Past.Milk  10U/mL    5U/mL     1U/mL     0.5U/mL   0.1U/mL 
   2mg/mL                    
   1mg/mL                    
 0.5mg/mL                  
Figure 3.23. The effect of p-NPP concentration dissolved in 0.1 M glycine at pH 





































Figure 3.24. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of p-NPP in 0.1 M glycine buffer at pH 10.5. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.12 in Appendix B. 
 
The papers prepared with glycine buffer at pH 9.0, 10.0 and 10.5 have been shown 
similar responses to milk samples containing a range of 0.1 U/mL to 10.0 U/mL of 
alkaline phosphatase with 0.5 mg/mL of p-NPP. Their numerical values have 
represented that only the substrate solution at 2 mg/mL of p-NPP show significant 
responses to increasing enzyme concentration. However, papers prepared with 2 
mg/mL and 1 mg/mL of p-NPP at pH 9.5 have increasing green color value with 
increasing alkaline phosphatase concentration in milk. Both concentration of p-
NPP in glycine buffer at pH 9.5 can be applicable as optimum substrate solution 
but in our study we selected 1 mg/mL of p-NPP solution in order to reduce the 
production cost of bioreporters. As a result, 1 mg/mL of p-NPP in glycine buffer at 
pH 9.5 was determined as an optimum solution of substrate for the construction of 




































3.1.2 Optimization studies of chromogen 
After the selection of substrate concentration , chromogen optimization studies 
were performed for the construction of alkaline phosphatase bioreporter. The 
chromogen selected for alkaline phosphatase, bromocresol green, was dissolved in 
1.0 M Tris-HCl buffer and 0.1 M glycine buffer each of which were prepared at pH 
values of 8.0, 8.5, 9.0 and 9.5. The stock solutions of 2 mg/mL of bromocresol 
green were prepared at each pH values of these two buffers and they were diluted 
to 1 mg/mL, 0.5 mg/mL and 0.1 mg/mL final concentration of bromocresol green 
solutions. During the studies for the optimization of chromogen the optimized p-
NPP solution as 1 mg/mL in 0.1 M glycine buffer at pH 9.5 was used in chromogen-
substrate mix solutions. The results were analysed based on the green color 
changes after the application of milk samples.  
3.1.2.1 Bromocresol green in Glycine Buffer 
As shown in the optimization studies of substrate, 1 mg/mL of p-NPP in 0.1 M 
glycine buffer at pH 9.5 was selected as the optimum substrate solution for the 
construction of alkaline phosphatase bioreporters. The optimization studies of 
chromogen, therefore, began with the use of 0.1 M glycine buffer at four different 
pH values for the preparation of bromocresol green solutions. 
 Figure 3.25 has shown the responses of papers absorbed with different 
concentration of bromocresol solutions at pH 8.0. The formation of green color 
due to the enzymatic activity between alkaline phosphatase and p-NPP has been 
observed clearly on papers prepared with 0.1 mg/mL of bromocresol green. At 
higher concentration of chromogen blue color of bromocresol green has prevented 





                                               Alkaline phosphatase in UHT milk 
                           Past.Milk   10U/mL    5U/mL     1U/mL   0.5U/mL     0.1U/mL 
   2mg/mL                               
   1mg/mL                            
   0.5mg/mL                         
 0.1mg/mL                       
Figure 3.25. The effect of bromocresol green concentration dissolved in 0.1 M 







Figure3.26. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 0.1 M glycine buffer at pH 8.0. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.13 in Appendix B. 
 
The numerical values of papers (Figure 3.26) have provided different results as 
compared with the visual analysis( Figure 3.25). The color intensity value of papers 
at 1 mg/mL and 0.5 mg/mL have shown significant differences from papers at 
other concentrations of bromocresol green.  Our bioreporters are based on visual 
analysis and numerial values of color changes is not provided to the user of this 
bioreporter. The discrimination between the colors of papers after the application 
of milk samples is the aim of this bioreporter. The papers prepared with 
bromocresol green in glycine buffer at pH 8.0 has not shown a clear difference 
when increasing concentration of alkaline phosphatase in milk samples were 
applied to papers. Therefore , the pH of glycine buffer was increased to 8.5 for the 



































                                            Alkaline phosphatase in UHT milk    
         Past.Milk   10U/mL   5U/mL    1U/mL     0.5U/mL  0.1U/mL 
   2mg/mL                  
   1mg/mL                   
   0.5mg/mL               
 0.1mg/mL                  
Figure 3.27. The effect of bromocresol green concentration dissolved in 0.1 M 
glycine buffer at pH 8.5 to the response of bioreporters 
 
The response of papers has been very similar to the papers at pH 8.0. As shown in 
the figure above increase in the green color intensity with increase in enzyme 
concentration in milk was not observed at 2 mg/mL and 1 mg/mL of bromocresol 
green solution at pH 8.5. At these concentration the blue color of bromocresol 
green solution masked the formation of green color which is results of the 
enymatic reaction between the alkaline phosphatase and its substrate p-NPP. 
According to color intensity analysis (Figure 3.28) the expected relationship 
between the green color intensity and the enzyme concentration were observed at 
the papers with 1 mg/mL and 0.5 mg/mL of bromocresol green. However when the 
color intensity values of papers tested with pasteurized milk compared with milk 





same numerical color values were observed. The bioreporter prepared at this pH 
value has not differentiated the pasteurized milk and unpasteurized milk. As a 




Figure3.28. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 0.1 M glycine buffer at pH 8.5. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.14 in Appendix B. 
 
In the next experiment glycine buffer at pH 9.0 was used for the preparation of 
chromogen solution. The responses of these papers (Figure3.29) were almost 
same as compared with the responses of papers prepared at pH 8.5. The color 
intensity analysis showed  linear increase in green color intensity with increase in 
enzyme concentration at the papers prepared with 1 mg/mL of bromocresol green 
(Figure 3.30). However, the responses of  papers to different enzyme 
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                   Past.Milk  10U/mL   5U/mL    1U/mL   0.5U/mL  0.1U/mL 
   2mg/mL                  
   1mg/mL                  
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Figure 3.29. The effect of bromocresol green concentration dissolved in 0.1 M 







Figure3.30. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 0.1 M glycine buffer at pH 9.0. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.15 in Appendix B. 
 
Finally, 0.1 M glycine buffer at pH value of 9.5 which was selected as optimum 
buffer and pH for substrate solution in papers was used to prepare the chromogen 
solution.  As shown in the visual results (Figure 3.31) and the color intensity 
analysis (Figure 3.32), the increase in the enzyme concentration in milk did not 
affect the response of papers prepared at each concentration of bromocresol 
green.  As a results of these studies 0.1 M glycine buffer was not selected for 
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                    Past.Milk  10U/mL  5U/mL    1U/mL  0.5U/mL  0.1U/mL 
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   0.5mg/mL              
 0.1mg/mL               
Figure 3.31. The effect of bromocresol green concentration dissolved in 0.1 M 







Figure3.32. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 0.1 M glycine buffer at pH 9.5 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.16 in Appendix B. 
 
3.1.2.2 Bromocresol green in Tris-HCl Buffer 
For the optimization studies of chromogen 1.0 M Tris –HCl buffer at four different 
pH values were also tested and different concentration of bromocresol green 
solutions were prepared to examine the optimum concentration of chromogen at 
corresponding pH value of this buffer. 
The results of Figure 3.33 belong to the papers prepared with 1.0 M Tris-HCl buffer 






































                                               Alkaline phosphatase in UHT milk 
                   Past.Milk   10U/mL  5U/mL   1U/mL  0.5U/mL  0.1U/mL 
   2mg/mL                 
   1mg/mL              
   0.5mg/mL          
 0.1mg/mL             
Figure 3.33. The effect of bromocresol green concentration dissolved in 1.0 M Tris-
HCl buffer at pH 8.0 to the response of bioreporters 
 
At the bromocresol concentration of 2 mg/mL and 1 mg/mL , the color of the 
papers were not changing as the enzyme concentration in milk increases (Figure 
3.33). This results was also seen in the papers prepared with same concentration 
of bromocresol green in 0.1 M glycine buffer. The formation of green color at the 
end of the enymatic reaction between the alkaline phosphatase and its substrate 







Figure 3.34. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 1.0 M Tris-HCl buffer at pH 8.0. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.17 in Appendix B. 
 
When the numerical values of color changes were compared (Figure 3.34.) the 
green color intensitys of papers absorbed with 2 mg/mL of bromocresol green 
were very low than papers absorped with 1 mg/mL and 0.5 mg/mL. The responses 
of papers with 2 mg/mL and 0.1 mg/mL were not changing significantly with 
changing in enzyme concentration. Since the increase in green color intensity of 
papers with 1 mg/mL and 0.5 mg/mL of bromocresol green was not linear, the 







































                                               Alkaline phosphatase in UHT milk 
                   Past.Milk   10U/mL   5U/mL  1U/mL   0.5U/mL 0.1U/mL 
   2mg/mL             
   1mg/mL              
   0.5mg/mL            
0.1mg/mL             
Figure 3.35. The effect of bromocresol green concentration dissolved in 1.0 M Tris-
HCl buffer at pH 8.5 to the response of bioreporters 
 
The papers prepared at pH 8.5 showed similar results as shown in figure above. At 
the high concentration of bromocresol green ,the changes in the enzyme 
concentration in milk were not reflected in the changes in color of papers. 
This result was also concluded in the color intensity anayses of papers at pH 8.5 
(Figure 3.36). The green color intensity did not change when alkaline phosphatase 
concentration increased in milk. The papers prepared at each bromocresol green 
concentration did not show an efficient differences between the enzyme 
concentration in milk. Therefore 1.0 M Tris-HCl buffer at pH 8.5 was not selected 






Figure3.36. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 1.0 M Tris-HCl buffer at pH 8.5. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.18 in Appendix B. 
 
The pH of 1.0 M Tris-HCl buffer was increased to 9.0 for the next experiment. The 
papers prepared at this pH value were analysed according to the color changes 
after the reaction between substrate and enzyme on papers. The results were 




































                                               Alkaline phosphatase in UHT milk 
                     Past.Milk  10U/mL 5U/mL  1U/mL  0.5U/mL  0.1U/mL 
   2mg/mL               
   1mg/mL                 
   0.5mg/mL            
 0.1mg/mL               
Figure 3.37. The effect of bromocresol green concentration dissolved in 1.0 M Tris-








Figure 3.38. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 1.0 M Tris-HCl buffer at pH 9.0. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.19 in Appendix B. 
 
As the response of papers at pH 9.0 to different enzyme concentrations (Figure 
3.37) and the numerical analysis of the color intensity value of papers (Figure 3.38) 
were observed,  there was not a significant linear change in the color of papers. 
the papers prepared at 1.0 M Tris-HCl buffer at pH 9.0 was also regarded as 
ineffective for the construction of bioreporter to observe alkaline phosphatase 
concentration in milk. 
The last optimization study was performed in 1.0 M Tris-HCl buffer at pH 9.5. 
Although the responses of papers to different concentration of alkaline 
phosphatase in milk were observed similar with papers at other pH values ( Figure 
3.39) , the color intensity analysis (Figure 3.40) showed the expected results. The 
papers prepared at each concentration of bromocresol green were showed  



































Also, the color differences between each intensity of enzyme was obviously 
observed at each concentration of chromogen. In order to reduce the production 
cost of bioreporters 0.5 mg/mL of bromocresol green  was selected as optimum 
chromogen concentration although 1 mg/mL and 2 mg/mL of bromocresol green 
showed effective results.  
 
                                               Alkaline phosphatase in UHT milk 
                     Past.Milk  10U/mL   5U/mL  1U/mL   0.5U/mL  0.1U/mL 
   2mg/mL                   
   1mg/mL                  
   0.5mg/mL                
 0.1mg/mL                
Figure 3.39. The effect of bromocresol green concentration dissolved in 1.0 M Tris-








Figure3.40. The analysis of green color intensity ratio of bioreporters prepared 
with different amounts of bromocresol green in 1.0 M Tris-HCl buffer at pH 9.5. 
Error bars represent standart error of mean (SEM). The tabulated intensity ratio 
values of graph are provided at Table B.20 in Appendix B. 
 
As a result of the studies of chromogen optimization, 0.5 mg/mL of bromocresol 
green was selected as optimum in Tris-HCl buffer at pH 9.5 for further studies in 
alkaline phosphatase bioreporter.  
3.1.3 Detection limit of Bioreporter 
After the optimization studies of substrate and chromogen the detection limit of 
bioreporter for alkaline phosphatase in milk was studied. The papers were 
prepared with optimum concentration of p-NPP and bromocresol green which 
were 1 mg/mL in 0.1 M glycine buffer at pH9.5 and 0.5 mg/mL in 1.0 M Tris-HCl 
buffer at pH 9.5 respectively. The milk samples containing a range of alkaline 
phosphatase concentration were prepared in UHT milk. After the absorption of p-
NPP-bromocresol mixture to papers and drying in vacuum dessicator milk samples 






































and color intensity analysis was performed to have numerical values in the color 
changes. As a control 0.1 M glycine buffer at pH 9.5 and UHT milk sample were 
also applied to papers to compare the concentration of alkaline phosphatase in 
milk.  
The following results in Figure 3.41 show the response of papers to alkaline 
phosphatase concentration in milk. 
 
                                                Alkaline phosphatase in UHT milk 
              Control     UHT  milk      10U/mL      5U/mL        1U/mL  
                                                 
              0.5U/mL     0.1U/mL     0.05U/mL    0.01U/mL     0.005U/mL  
                                                








Figure 3.42.The analysis of green color intensity ratio for the detection limit  of 
alkaline phosphatase in milk. Error bars represent standart error of mean (SEM). 
The tabulated intensity ratio values of graph are provided at Table B.21 in 
Appendix B. 
 
According to the color change in papers after the applicaiton of milk samples 
(Figure3.41) , it can be stated that the detection limit of alkaline phosphatase was 
0.5 U/mL. The formation of green color was easily observed at 0.5 U/mL and 
higher concentration of alkaline phosphatase in milk. 
Although visually the detection limit of alkaline phospahatase was determined as 
0.5 U/mL , the color intensity analysis (Figure 3.42) showed that  the green color 
intensity of 0.1 U/mL and higher alkaline phosphatase concentration were 
different than milk samples of 0.05 U/mL and lower concentrations. 
The Turkish Standard Instituton states the limit of alkaline phosphatase in 
pasteurized milk as at most 0.5 U/mL (Turkish Standard, TS 1019, 2002). The milk 






























unpasteurized milk. Our aim is to constract a bioreporter which  reports the 
presense of alkaline phosphatase in milk samples semiquantitatively. Therefore, 
the detection limit of 0.5 U/mL of alkaline phosphatase according to the visual 
analysis makes our bioreporter applicaple for the control of effiency of  
pasteurization process. 
 3.2 Effect of Sample  Temperature on the Response of Bioreporter 
For the construction of bioreporter optimization studies were performed with milk 
samples kept at room temperature before their application to papers. However, in 
order to produce an efficient bioreporter for the detection of alkaline phosphatase 
the effect of temperature of milk samples were studied. The papers were prepared 
according to the optimization studies. The milk samples were stored at 4˚C, room 
temperature and 37˚C for one hour before applied to papers.  
As shown in the Figure 3.43, visual analysis showed that the temperature of milk 
samples do not affect the response of bioreporters. The color difference between 
the milk samples at 0.5 U/mL and pasteurized milk can easily observed at each 
temperature. 
According to the color intensity analysis represented in Figure 3.44, the green 
color formation on the paper was observed at higher numerical value after the 
application of milk sample at 37˚C.  
Since the response of papers which means the formation of green color on papers 
applied with unpasteurized milk is not affected from the sample temperature, all 






At 37˚C              5.0U/mL     1.0U/mL   0.5U/mL      0.1U/mL   Past. Milk 
                                                
At 4˚                  5.0U/mL     1.0U/mL     0.5U/mL    0.1U/mL    Past. milk 
                                                 
At RT                  5.0U/mL     1.0U/mL     0.5U/mL   0.1U/mL   Past. milk 
                                                   
Figure 3.43.The effect of sample temperature  to the response of bioreporter. 
 
 
Figure 3.44.The analysis of green color intensity ratio of bioreporters to milk 
samples stored at different temperature. Error bars represent standart error of 
mean (SEM). The tabulated intensity ratio values of graph are provided at Table 





































3.3 Effect of Sample pH on the Response of Bioreporter 
In addition to the effect of sample temperature, pH of milk samples were also 
evaluated for their effect on the response of bioreporters. The pH of milk samples 
at concentration of 0.1 U/mL, 0.5 U/mL and 1.0 U/mL of alkaline phosphatase and 
UHT milk were adjusted within a range of 5.0-6.5 and applied to papers prepared 
in optimum condition. The lower pH values were not adjusted because of the 
precipitation of milk proteins at lower pH values. After the application of milk 
samples the color changes on papers were analysis both visually and numerically 
based on the color intensitys. 
The enzymatic reaction between the substrate, p-NPP, and alkaline phosphatase 
has optimum activity at alkaline pH due to being optimum pH condition for 
enzyme. However, the pH value of raw milk is generally 6.6 due to the complex 
structure of milk with different proteins, natural enzymes and fat molecules 
(Wilin´ska et al., 2007). Therefore, in this study the pH range of 5.0 to 6.5 were 
studied. 
According to the results of analysis represented in Figure 3.45 and Figure 3.46 the 
same conclusion was brought out from the papers.  The pH of samples does not 
results any change in the response of bioreporter.  Our bioreporter can be 
applicable for all milk samples within a pH range of 5.0 to 6.5. Moreover, as the pH 
value of milk samples increases the color intensity observed on papers represents 
higher green color values.  This results state that as the pH value of milk sample 







pH 5.0                        Past. milk    0.1 U/mL    0.5 U/mL    1.0 U/mL         
                                                     
pH 5.5                        Past. milk   0.1 U/mL    0.5 U/mL   1.0 U/mL         
                                                       
pH 6.0                       Past. milk   0.1 U/mL     0.5 U/mL     1.0 U/mL         
                                                    
pH 6.5                      Past. milk   0.1 U/mL     0.5 U/mL    1.0 U/mL         
                                                    








Figure 3.46.The analysis of green color intensity ratio of bioreporters to milk 
samples at different pH. Error bars represent standart error of mean (SEM). The 
tabulated intensity ratio values of graph are provided at Table B.23 in Appendix B. 
 
3.4 The Response of Bioreporter to Different Milk Samples 
Alkaline phosphatase is a natural raw milk enzyme which denatures at the 
pasteurization process of milk. Based on its higher resistance to thermal processes 
than pathogenic microorganisms in raw milk, alkaline phosphatase is used as 
reporter for the efficiency of pasteurization process (Wilin’ska et al., 2007). 
The activity of alkaline phosphatase in milk has shown differences among the 
source of milk      (from which animal), the physiological conditions during lactation 
period of animal, the seasonal change, the location and some other factors (Fox & 
Kelly, 2006). 
In this study, our aim is to construct a bioreporter for the control of pasteurization 
process based on the level of alkaline phosphatase in every kinds of milk required 






































different milk samples in terms of their source and location the response of 
bioreporters were studied with constructed alkaline phosphatase bioreporter.  As 
a control glycine buffer was applied to papers to observe any negative results on 
papers. 
3.4.1 Milk Samples from Different Animal Sources 
In this study the bioreporters were tested with milk samples from different animal 
sources. The milks of cattle, goat and sheep were compared according to their 
color formation on papers prepared with optimum substrate and chromogen 
solution. In order to be sure that any solutions except one containing alkaline 
phosphatase does not cause any color change on papers, UHT milk and glycine 
buffer were also tested.  
In the following figure, it has been shown that only milk samples from cattle and 
sheep show the response as forming clear green color on papers. 
 
                                                                Milk samples from 
             Control          UHT             Cattle            Goat           Sheep 
                                       
Figure 3.47. The effect of  milk samples from different source of animal to the 
response of bioreporters 
 
According to the numerical value of papers represented in Figure 3.48, higher 





sheep. In the study of Ljutovac et al., it has been stated that the activity of alkaline 
phosphatase in cow milk is higher than the activity in goat milk (Ljutavac et al., 
2007). 
In our study, the detection limit was determined as 0.5 U/mL of alkaline 
phosphatase according to the Turkish Standard Institution (TS 1019, 2002). 
Therefore, this bioreporter can report the presence of 0.5 U/mL and higher values 
of alkaline phosphatase activity in milk. The goat milk samples having at least 0.5 
U/mL of alkaline phosphatase activity has shown responses otherwise this 
bioreporter can not be used for the control of pasteurization process in goat milk. 
 
 
Figure3.48 The analysis of green color intensity ratio of bioreporters to milk 
samples from different animal source. Error bars represent standart error of mean 





































3.4.2 Lipid Free Milk Samples 
The enzyme activity in milk has not been analysed practically because of the 
components of milk which make it complex (Dinnella et al., 2004).The presence of 
certain component can cause failure in the measurement of  enzyme activity or 
even results in the denaturation of enzymes in milk (Dinnella et al., 2004). 
In this study , our aim is to determine the effect of lipid molecules to the activity of 
alkaline phosphatase in milk samples. The lipid of raw milk samples were removed 
by centrifugational force and the resulting lipid free milk was applied to 
constructed papers.  
 
                                                                    Milk samples  
          Control        UHT          Lipid Free UHT   Cattle      Lipid Free Cattle             
                                              
            Goat     Lipid Free Goat     Sheep     Lipid Free Sheep 
                                     
Figure 3.49. The effect of   lipid in milk samples to the response of bioreporters 
 
The response of bioreporter has not been affected with the removal of lipid from 
milk samples, as shown in Figure 3.49. This result has been also supported by the 
color intensity analysis (Figure 3.50). As a result, it can be concluded that the 






Figure 3.50. The analysis of green color intensity ratio of bioreporters to lipid free 
milk samples from different animal source. Error bars represent standart error of 
mean (SEM). The tabulated intensity ratio values of graph are provided at Table 
B.25 in Appendix B. 
 
3.4.3 Milk Samples from Different Location in Turkey 
Beside milk samples from different animal source, location of milk source was also 
evaluated based on their effect on the response of bioreporter. The milk samples 
used in this study came from different regions of Turkey.  
As the response of papers has been shown in Figure 3.51, the activity of alkaline 
phosphatase have shown different results  as the location of  milk source has been 
changing in Turkey. This difference in activity has been also represented in the 
numerical analysis of the color of papers (Figure 3.52). The green color on the 
papers tested  with raw milk from different region have been obvious as compared 











































These results have provided  the conclusion that our bioreporter has a wide range 
of  application area  due to its positive responses to different source and different 
location of milk. 
 
                                          Milk samples  
          Control       UHT          Bozova       Konya          Burdur              
                                             
         Kırıkkale    Varollar     Çamlık   Kutludüğün    Yahyalı 
                                
Figure 3.51. The effect of   milk samples from different location of Turkey  to the 












Figure3.52.The analysis of green color intensity ratio of bioreporters to milk 
samples from different location in Turkey. Error bars represent standart error of 
mean (SEM).The tabulated intensity ratio values of graph are provided at Table 
B.26 in Appendix B. 
 
3.5 The Application of Heat Treatment to Milk Samples 
In food industry the thermal processes play important roles for the safety of 
products. One of the thermal processes in food industry, pasteurization process, 
provides the dairy product with safety quality and increasing in the shelf life 
(Dinnella et al., 2004). 
 In order to increase the shelf life of end product and provide the safety quality the 
application of heat in process has to provide the inactivation of microorganisms 
without affecting the nutritional value of milk. For this purpose, time-temperature 
combination is evaluated as most significant parameter in pasteurization process 































According to the Turkish Standard Institution, the effective time-temperature 
combination is stated as 63˚C for 30 min or 72˚C for 15 sec for proper 
pasteurization process (TS 1019, 2002). 
In our bioreporter, the aim is to control the pasteurization process of milk by 
reporting the presence of alkaline phosphatase in milk with color change on 
papers. In this part of study, we applied heat treatment at different temperature 
to milk samples with known concentration of enzyme and raw milk samples from 
different location of Turkey. The responses of papers were evaluated by color 
intensity analysis. 
In the first set of experiment the milk samples were applied a heat treatment at 
50˚C for 30 min. At 10 min intervals the milk samples were taken and applied to 
papers in order to observe the response of bioreporter. Since the temperature 
applied to milk samples was lower than the temperature applied at pasteurization 
process, it has been expected that at the end of the treatment the activity of 
alkaline phosphatase is still observed. 
As Figure 3.53 has shown, the color intensitys of papers have been decreasing 
from the beginning of treatment towards to the end at each concentration of 
alkaline phosphatase in milk. However, at the end of heat treatment milk samples 
containing 0.5 U/mL and higher enzyme activity have still shown higher green color 
value than pasteurized milk (purple bars in Figure 3.53). These milk samples have 






Figure 3.53.The analysis of green color intensity ratio of bioreporters to milk 
samples treated at 50˚C for 30 min. Error bars represent standart error of mean 
(SEM). The tabulated intensity ratio values of graph are provided at Table B.27 in 
Appendix B. 
 
After proving that our bioreporter shows proper responses to the milk samples 
treated at lower temperature than pasteurization process, next experiment was 
performed with milk samples treated at 60˚C for 30min. At 10 min intervals the 
milk samples were applied to papers. 
The Figure 3.54 represents the color intensity analysis of this study.  Before the 
application of heat treatment the color intensity values of milk samples have been 
very high and shown increasing value as the enzyme concentration has been 
increasing  in milk samples (Blue bars in Figure 3.54). However, at the end of the 
heat treatment at 60˚C these values have decreased significantly (purple bars). 
When the differences in the color intensity of milk samples containing alkaline 
phosphatase concentration at least 0.5 U/mL and pasteurized milk have been 









































Figure 3.54. The analysis of green color intensity ratio of bioreporters to milk 
samples treated at 60˚C for 30 min. Error bars represent standart error of mean 
(SEM). The tabulated intensity ratio values of graph are provided at Table B.28 in 
Appendix B. 
 
In addition to the results obtained from milk samples with known amount of 
alkaline phosphatase, our bioreporter was also tested with raw milk samples taken 
from different location of Turkey. The milk samples were heated at 50˚C and 60 ˚C 
for 30 min and the formation of green color on papers were analysis in color 
intensity analysis.  
The following figures have represented the color analysis of heat treated milk 




































results of milk samples with known amount of alkaline phosphatase represented in 
Figure 3.55 and 3.56. 
After the application of heat treatmet at 50 ˚C for 30 min, raw milk samples from 
different region have been still unpasteurized eventhough the activity of alkaline 
phosphatase has decreased. The color intensity values of milk samples after 30 
min are higher as compared with pasteurized milk (Figure3.55). 
 
 
Figure 3.55. The analysis of green color intensity ratio of bioreporters to raw milk 
samples from different locations in Turkey treated at 50˚C for 30 min. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.29 in Appendix B. 
 
As the heat treatment was performed at 60˚C, the decrease in the activity of 
alkaline phosphatase  was higher in each milk samples (Figure 3.56) since 


































At the end of treatment the milk samples have not been pasteurized properly and 
this results has been provided with the responses of our bioreporter.  
The results taken from the heat treatment studies proved the applicability of our 
bioreporter in the control of proper pasteurization of the milk. 
 
 
Figure3.56. The analysis of green color intensity ratio of bioreporters to raw milk 
samples from different locations in Turkey treated at 60˚C for 30 min. Error bars 
represent standart error of mean (SEM). The tabulated intensity ratio values of 
graph are provided at Table B.30 in Appendix B. 
 
3.6 The Addition of Raw Milk to Pasteurized Milk 
Since the thermal processes denature alkaline phosphatase found naturally in raw 
milk, the presence of it in pasteurized milk indicates the ineffective pasteurization 
process or the contamination of end product with raw milk in the system (Dinnella 


































In this study the response of the bioreporter to contaminated milk samples were 
evaluated. Pasteurized milk contaminated with raw milk in a range of 1 to 90% was 
applied to papers and the detection limit of contamination were determined 
according to the analysis.  
Figure 3.57 shows the color change on papers after the application of 
contaminated milk samples. As a control pasteurized milk was also applied to 
paper. 
 
                                         Addition of raw milk to pasteurized milk 
       Past. Milk        1%               5%             10%             20%           30%            
                                                  
           40%             50%              60%            70%           80%          90% 
                                   
 
Figure 3.57. The mixing of pasteurized milk with raw milk sample from Kırıkkale. 
The percentages represent the percentages of raw milk added to pasteurized milk. 
 
While there is a clear color change observed on papers above 10% contamination 
(Figure 3.57), with green color intensity ratio analysis , contamination as lower as 







Figure3.58. The analysis of green color intensity ratio of bioreporters for the 
detection limit of mixing of pasteurized milk with raw milk from Kırıkkale. Vertical 
bars represent standart error of mean (SEM) and mean values with SEM values are 
tabulated at Table B. 31 in Appendix B. 
 
3.7 The Study of Different  Support Materials  
Throughout the construction studies of bioreporter, the Whatman filter papers 
were used as support material and substrate-chromogen mixture was absorbed 
onto these papers. In order to determine the most effective support materiaI  the 
cotton of ear cleaning rod and bandage were also tested as support material. The 
color formations on these support material after the application of milk samples 
were evaluated as the responses of these bioreporters. These responses have 



























Figure 3.59. The effects of different support materials to the response of        
bioreporters. a. bandage applied with raw milk, b. bangade applied with UHT milk, 
c. cotton applied with raw milk, d. cotton applied with UHT milk. 
 
Although the bioreporter constructed with the cotton of ear cleaning rod and 
bandage showed green color formation upon the application of milk containing 0.5 
U/mL of alkaline phosphatase, these support materials are not applicable in 
bioreporter production. In the consequence of having more porous structure, the 
cotton was absorbed more substrate-chromogen mixture to saturate these pores. 
The increase in the volume of substrate and chromogen mixture leads to raise in 
the cost of bioreporter production. Another support material ,the bandage, has 
higher pore size and this makes the absorption of substrate and chromogen 
mixture difficult. According to these drawbacks of cotton and bandage, the 
Whatman filter paper was determined as an effective and applicable support 
material for the construction of alkaline phosphatase bioreporter. 
  





3.8 The Study of Shelf Life Conditions of Bioreporter 
In this study, the stability of bioreporter constructed with the optimum subsrate 
and chromogen concentration was tested at two different temperatures ( 4˚C and 
room temperature). At 10 days intervals bioreporters were tested with UHT milk 
and milk sample containing 0.5 U/mL of alkaline phosphatase. The change in the 
color  on papers from blue to green  upon the application of milk samples was 
evaluated as the response of bioreporter. Also, the change in the main color of 
paper during storage time was evaluated without any application of milk samples. 
Figure 3.60 shows the stability of constructed papers at 4˚C and room temperature 
for 70 days. After 10 days at room temperature and 40 days storage time at 4˚C 
the color of paper was turning to green gradually without the action of alkaline 
phosphatase in milk.  p-NPP absorbed on papers was decomposing into yellow 
product (p-NP) nonenzymatically. The yellow colored product mixed with blue 
colored chromogen and  as a result, green color formation was observed on 
papers. The already existing green color on papers prevented the observation of 
green color resulting from the alkaline phosphatase activity in milk. The response 
of bioreporter to UHT milk was also observed as green color after the storage time 
of 10 days at room temperature and 40 days at 4˚C.  
Based on this result, the optimum condition for the stability and thus the shelf life 








Figure 3.60. The analysis of green color intensity ratio of bioreporters stored at  
4˚C and room temperature for 70 days. Vertical bars represent standart error of 
mean (SEM) and mean values with SEM values are tabulated at Table B. 32 in 
Appendix B. 
 
3.9 Enzymatic Assay of Alkaline phosphatase 
In this study, the enzyme assay of alkaline phosphatase in milk was performed in 
order to correlate the unit of alkaline phosphatase in milk found by assay with the 
response of bioreporter. Milk samples containing standard concentration of 
alkaline phosphatase (0.1 -10.0 U/mL of ALP) were assayed with 1 mg/mL of p-NPP 
solution in 0.1 M glycine buffer with 1.0 mM magnesium chloride and 1.0 mM zinc 
chloride at pH 9.5. The specrophotometric results were monitored for 5 min at 405 


































Figure 3.61. The standart curve of alkaline phosphatase assay in milk. Vertical bars 
represent standart error of mean (SEM) and mean values with SEM values are 
tabulated at Table B. 33 in Appendix B. 
 
After the construction of standard curve of alkaline phosphatase, raw milk samples 
from Kırıkkale and Bozova were measured spectrophotometrically based on their 
alkaline phosphatase activity. According to their absorbance values per 5 min, the 
alkaline phosphatase activity in these two raw milk samples were determined by 
the standard formula. The ALP activities of raw milk from Kırıkkale and Bozova are 














































                                                           CONCLUSION 
 
 
In this study, the development of a bioreporter for the process control in 
pasteurization of milk was targeted. The semiquantitative determination of 
alkaline phosphatase which is the reporter for the unproper pasteurization process 
in milk  was performed with the paper based alkaline phosphatase bioreporter. 
Providing advantages over standard techniques such as being easy to use, cheap 
and practical, alkaline phosphatase bioreporter was targeted to fullfill the 
requirements of markets. 
For the construction of alkaline phosphatase bioreporter, the optimization studies 
of substrate and chromogen were performed and as a result, 1 mg/mL of p-NPP in 
0.1 M glycine buffer at pH 9.5 and 0.5 mg/mL of bromocresol green in 1 M Tris-HCl 
buffer at pH 9.5 were determined as optimum concentrations.  
The alkaline phosphatase activity in milk  at 0.5 U/mL and higher values was 
detected by bioreproter as a clear green color formed on papers which were 
constructed with optimum concentrations of p-NPP and bromocresol green. This 
detection limit included the standard stated by Turkish Standard Institution. 
Although the bioreporter does not give any quantitative results based on the 
enzyme concentration in milk, it can be used to evaluate the pasteurization 





After the determination of detection limit, the effect of sample temperature and 
pH values were tested on the bioreporter constructed according to the optimum 
substrate and chromogen concentration. The response of bioreporter which is the 
color change on paper upon sample application was not affected from the 
temperature  of milk. The milk samples which were stored at 4˚C, room 
temperature and 37˚C leaded to the formation of green color on papers with at 
least 0.5 U/mL of alkaline phosphatase activity in milk. In addition to the 
temperature, the effect of sample pH on the response of bioreporter was also 
tested. The milk samples at pH 5, 5.5, 6 and 6.5 were applied to constructed 
bioreporter and the color changes showed that our bioreporter can be used to 
evaluate pasteurization process of milk at the pH value between 5 to 6.5.  
Moreover, the effectiveness of bioreporter was tested for milk samples from 
different animals including cattle, sheep and goat and from  different locations in 
Turkey. The raw milk samples from sheep and cattle resulted in the green color 
formation on papers while raw goat milk sample did not result in a change in color 
since the alkaline phosphatase activity was lower in goat milk compared with 
sheep and cattle. As expected, our bioreporter gave appropriate response only to 
unpasteurized sheep and cattle milk. In addition, raw milk samples from different 
locations in Turkey were tested for their alkaline phospatase activity and the 
response of bioreporter ensured the applicability of bioreporter to different milk 
samples.  
The heat treatment of standart and raw milk samples were performed at 50˚C and 
60˚C for 30 min and the residual alkaline phosphatase activity in these samples 
were determined with this paper based bioreporter according to the green color 
formation on papers. The effectiveness of pasteurization process was evaluated 





leaded to the decrease in the activity of alkaline phosphatase in samples, however, 
the end products of treatment were still unpasteurized milk. The evaluation of 
pasteurization was provided by appropriate response of our bioreporter. After the 
treatment of milk samples at 60˚C for 30 min, the decrease in alkaline phosphatase 
activity was higher compared with treatment at 50˚C. This results were also 
provided with bioreporter as the decrease in green color intensity ratio. 
The effectiveness of bioreporter was also tested for the detection limit of raw milk 
mixed in pasteurized end product. The commertial UHT milk was mixed with raw 
milk samples at a range between 1 to 90 % and the green color formations on 
constructed papers were evaluated. According to the green color intensity ratio 
analysis, the addition of 1% raw milk to pasteurized milk was detected by 
bioreporter. However, based on visual inspection, our bioreporter can be used to 
detect at least 10%  mixing of raw milk to pasteurized milk. 
In the study, different support materials were used to determine the most 
applicable support material. In addition to Whatman filter papers, cotton and 
bandage were absorbed with optimum substrate and chromogen mixture and milk 
samples were applied on them. The increase in the volume of mixture for the 
saturation of cotton resulted in higher production cost. The higher pore size of 
bandage brought on  difficulty in the absorption of mixture on bandage. In the 
consequences of these reasons, Whatman filter paper was an effective and 
applicable support material for the construction of alkaline phosphatase 
bioreporter. 
Finally, the stability test was performed at 4˚C and room temperature  in order to 
determine the shelf life of bioreporter. While the bioreporter at 4˚C room 





room temperature after 10 days of storage time. At room temperature after 10 
days p-NPP was decomposed into its yellow  product spontaneously without the 
action of alkaline phosphatase in milk and the color of paper was changing from 
blue to green gradually during the storage time at room temperature. Therefore, 
the response of bioreporter stored at room temperature to milk samples 
containing alkaline phosphatase was not appropriate. The decomposition of p-NPP 
was observed also in papers stored at 4˚C after the storage time of 40 days. Since 
the optimum stability of papers was observed at 4˚C, the shelf life condition for 
the alkaline phosphatase bioreporter was determined as 40 days at 4˚C.  
In future studies, in order to increase the stability and thus the shelf life of 
bioreporter, certain stabilizers should be immobilized to papers with substrate and 
chromogen. The solid support materials and certain adhesives should be tested for 
the construction of alkaline phosphatase bioreporter as a marketing study. Finally, 
the quantification studies of alkaline phosphatase in milk should be performed to 
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Figure A.1. Reaction mechanism of alkaline phosphatase with its substrate, p-NPP 
(Terefe et al., 2004). 
 
Basic Principle of Bİoreporter 
In alkaline pH, the phosphate group of p-nitrophenly phosphate is cleaved by the 
action of alkaline phosphatase. The end product , p-nitrophenol, has yellow color. 
The bromocresol green which is a dye of the triphenylmethane family ionize in 
aqueous solution to give blue color at alkaline pH and yellow color at acidic pH. At 
alkaline pH provided with glycine buffer at pH 9.5 blue colored bromocresol green 









 TABULATED VALUES OF GREEN COLOR INTENSITY RATIO 
 
 
Table B.1. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M sodium carbonate buffer at pH 9.0. (Figure 3.2) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 































































Table B.2. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M sodium carbonate buffer at pH 9.5. (Figure 3.4) Mean values are 
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Table B.3. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M sodium carbonate buffer at pH 10.0. (Figure 3.6) Mean values 
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Table B.4. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M sodium carbonate buffer at pH 10.5. (Figure 3.8) Mean values 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 



































































Table B.5. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 1.0 M diethanolamine buffer at pH 9.0. (Figure 3.10) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 



































































Table B.6. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 1.0 M diethanolamine buffer at pH 9.5. (Figure 3.12) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 


































































Table B.7. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 1.0 M diethanolamine buffer at pH 10.0. (Figure 3.14) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 



































































Table B.8. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 1.0 M diethanolamine buffer at pH 10.5. (Figure 3.16) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 


































































Table B.9. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M glycine buffer at pH 9.0. (Figure 3.18) Mean values are obtained 




                                         Green Color Intensity Ratio 
                                   Substrate Concentration 


































































Table B.10. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M glycine buffer at pH 9.5. (Figure 3.20) Mean values are obtained 




                                         Green Color Intensity Ratio 
                                   Substrate Concentration 



































































Table B.11. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M glycine buffer at pH 10.0. (Figure 3.22) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 



































































Table B.12. Alkaline phosphatase concentration versus p-NPP concentration 
prepared in 0.1 M glycine buffer at pH 10.5. (Figure 3.24) Mean values are 





                                         Green Color Intensity Ratio 
                                   Substrate Concentration 






















































Table B.13. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 0.1 M glycine buffer at pH 8.0. (Figure 3.26) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,36708  ± 
0,000131 
 
0,37159  ± 
0,000269 
 
0,37196  ± 
0,000086 
 




0,35970  ± 
0,000100 
 
0,37860  ± 
0,000107 
 
0,38181  ± 
0,000163 
 




0,36667  ± 
0,000227 
 
0,38010  ± 
0,000064 
 
0,38070  ± 
0,000116 
 




0,36828  ± 
0,000011 
 
0,38640  ± 
0,000218 
 
0,39092  ± 
0,000028 
 




0,36576  ± 
0,000384 
 
0,39282  ± 
0,000099 
 
0,39287  ± 
0,000266 
 




0,34829  ± 
0,000120 
 
0,37774  ± 
0,000521 
 
0,37975 ±  
0,000010 
 











Table B.14. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 0.1 M glycine buffer at pH 8.5. (Figure 3.28) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,36249  ± 
0,000131 
 
0,37098  ± 
0,000269 
 
0,37132  ± 
0,000086 
 










0,38109  ± 
0,000163 
 




0,36221  ± 
0,000227 
 
0,38103  ± 
0,000064 
 
0,38057  ± 
0,000116 
 




0,36828  ± 
0,000011 
 
0,38640  ± 
0,000218 
 
0,39092  ± 
0,000028 
 




0,36576  ± 
0,000384 
 
0,39282  ± 
0,000099 
 
0,39287  ± 
0,000266 
 




0,34829  ± 
0,000120 
 
0,37774  ± 
0,000521 
 
0,37975 ±  
0,000010 
 











Table B.15. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 0.1 M glycine buffer at pH 9.0. (Figure 3.30) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,35926  ± 
0,000062 
 
0,36846  ± 
0,000147 
0,37194  ± 
0,000075 
0,34257  ± 
0,000118 
0.5U/mL 
0,35911  ± 
0,000089 
 
0,37569  ± 
0,000131 
0,37107  ± 
0,000010 
0,35007  ± 
0,000045 
1.0U/mL 
0,36128  ± 
0,000113 
 
0,38064  ± 
0,000065 
0,37190  ± 
0,000098 
0,34706  ± 
0,000590 
5.0U/mL 
0,36681 ±  
0,000064 
 
0,38713  ± 
0,000065 
0,37724  ± 
0,000099 
0,34733  ± 
0,000031 
10.0U/mL 
0,36482  ± 
0,000204 
 
0,38559  ± 
0,000028 
0,38570  ± 
0,000111 
0,35202  ± 
0,000174 
Pasteurized milk 
0,36176  ± 
0,000202 
 
0,36749  ± 
0,000100 
0,37024  ± 
0,000297 










Table B.16. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 0.1 M glycine buffer at pH 9.5. (Figure 3.32) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 





0,37528  ± 
0,000061 
0,34738 ±  
0,000131 
0.5U/mL 
0,38039  ± 
0,000043 
 




0,35741  ± 
0,000183 
1.0U/mL 
0,38509  ± 
0,000068 
 
0,38392  ± 
0,000042 
0,38340  ± 
0,000269 
0,35836  ± 
0,000081 
5.0U/mL 
0,38551  ± 
0,000248 
 
0,39307  ± 
0,000065 
0,38050  ± 
0,000076 
0,36276  ± 
0,000952 
10.0U/mL 
0,37837  ± 
0,000117 
 
0,38351  ± 
0,000121 
0,35953  ± 
0,000159 
0,35831  ± 
0,000576 
Pasteurized milk 
0,37534  ± 
0,000523 
0,37833 ±  
0,000232 
0,36823  ± 
0,000026 









Table B.17. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 1.0 M Tris-Hcl buffer at pH 8.0. (Figure 3.34) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,34641 ±  
0,000117 
 
0,37382 ±   
0,000105 
 
0,39181  ± 
0,000051 
 




0,35746  ± 
0,000039 
 
0,38694  ± 
0,000075 
 
0,40633  ± 
0,000053 
 




0,35815  ± 
0,000038 
 
0,39442  ± 
0,000035 
 
0,40828  ± 
0,000031 
 




0,36063  ± 
0,000036 
 
0,39762  ± 
0,000117 
 
0,39161  ± 
0,000029 
 




0,36762  ± 
0,000123 
 
0,40121  ± 
0,000060 
 
0,39660  ± 
0,000037 
 




0,34197  ± 
0,000455 
 
0,36662  ± 
0,000028 
 
0,38598  ± 
0,000009 
 









Table B.18. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 1.0 M Tris-Hcl buffer at pH 8.5. (Figure 3.36) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 













0,36886  ± 
0,000109 
 
0,40460  ± 
0,000041 
 
0,40998  ± 
0,000032 
 




0,37838  ± 
0,000051 
 
0,41165  ± 
0,000298 
 
0,41394  ± 
0,00211 
 




0,37725  ± 
0,000025 
 
0,41131  ± 
0,000216 
 







0,38250  ± 
0,000035 
 
0,40583  ± 
0,000030 
 
0,41609 ±  
0,000064 
 




0,33075  ± 
0,000007 
 
0,36791  ± 
0,000497 
 
0,38575  ± 
0,000042 
 









Table B.19. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 1.0 M Tris-Hcl buffer at pH 9.0. (Figure 3.38) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,34310  ± 
0,000545 
 
0,38109 ±  
0,000051 
 
0,39401  ± 
0,000345 
 




0,36365 ±  
0,000025 
 
0,40365  ± 
0,000069 
 







0,37541  ± 
0,000078 
 
0,40860  ± 
0,000066 
 
0,41961  ± 
0,000228 
 




0,37343  ± 
0,000046 
 
0,40837 ±  
0,000074 
 
0,40765  ± 
0,000008 
 




0,37778 ±  
0,000094 
 
0,40916  ± 
0,000022 
 







0,32751  ± 
0,000127 
 
0,38044  ± 
0,000363 
 
0,38561  ± 
0,000420 
 









Table B.20. Alkaline phosphatase concentration versus bromocresol green 
concentration prepared in 1.0 M Tris-Hcl buffer at pH 9.5. (Figure 3.40) Mean 
values are obtained from tripcate readings and the reported errors are standart 




                                         Green Color Intensity Ratio 
                                   Chromogen Concentration 
 2mg/mL 1mg/mL 0.5mg/mL 0.1mg/mL 
0.1U/mL 
0,34438  ± 
0,000078 
 
0,38398  ± 
0,000088 
 
0,38952  ± 
0,000158 
 




0,36023 ±   
0,000039 
 
0,39792  ± 
0,000247 
 
0,40842  ± 
0,000299 
 




0,37377  ± 
0,000061 
 
0,40452 ±  
0,000012 
 
0,39825  ± 
0,000289 
 




0,37789  ± 
0,000014 
 
0,40923  ± 
0,000162 
 
0,41255  ± 
0,000048 
 




0,38475  ± 
0,000091 
 
0,41128  ± 
0,000186 
 







0,33396 ±  
0,000387 
 
0,37614  ± 
0,000572 
 
0,38880  ± 
0,000107 
 









Table B.21. Alkaline phosphatase concentration for the determination of detection 
limit (Figure 3.42). Mean values are obtained from tripcate readings and the 




Green Color Intensity 
Ratio 
0.005 U/mL 0,36455 ± 0,000134 
 
0.01 U/mL 0,37728 ± 0,000132 
 
0.05 U/mL 0,38952 ± 0,000158 
 
0.1 U/mL 0,40842 ± 0,000299 
 
0.5 U/mL 0,39825 ± 0,000289 
 
1.0 U/mL 0,41255 ± 0,000048 
 
5.0 U/mL 0,40750 ± 0,000117 
 
10.0 U/mL 0,38880 ± 0,000107 
 
Control ( glycine 
buffer) 
0,33220 ± 0,000007 
 








Table B.22. Alkaline phosphatase concentration versus sample temperature. 
(Figure 3.44) Mean values are obtained from tripcate readings and the reported 




Green Color Intensity Ratio 
Sample temperature 










0,39967 ±  
0,000116 
 
0,38476  ± 
0,000139 
0,39477  ± 
0,000056 
1.0U/mL 





0,38839  ± 
0,000072 
5.0U/mL 
0,40979  ±  
0,000410 
 
0,37375  ± 
0,000186 
0,39788  ± 
0,000051 
Control ( glycine 
buffer) 
0,35249 ±  
0,000077 
 
0,34895  ± 
0,000054 
0,35182  ± 
0,000047 
UHT 
0,38174  ±  
0,000137 
 
0,37185  ± 
0,000117 












Table B.23. Alkaline phosphatase concentration versus sample pH. (Figure 3.46) 
Mean values are obtained from tripcate readings and the reported errors are 




Green Color Intensity Ratio 
Sample pH 






































































Table B.24. Milk samples from different animal sources. (Figure 3.48) Mean values 
are obtained from tripcate readings and the reported errors are standart error of 
mean (SEM). 
Raw milk samples 
Green Color Intensity 
Ratio 
Cattle milk 
0,39880 ± 0,000268 
 
Goat milk 
0,38527 ± 0,000019 
 
Sheep milk 




0,35249 ± 0,000021 
 
UHT 















Table B.25. Lipid free milk samples from different animal source. (Figure 3.50) 
Mean values are obtained from tripcate readings and the reported errors are 
standart error of mean (SEM). 
Raw milk samples 
Green Color Intensity 
Ratio 
Cattle milk 
0,38597 ± 0,000044 
 
Lipid free Cattle milk 
0,38468 ± 0,000013 
 
Goat milk 
0,36875 ± 0,000107 
 
Lipid free goat mik 
0,36362 ± 0,000115 
 
Sheep milk 
0,40216 ± 0,000031 
 
Lipid free sheep milk 
0,40312 ± 0,000103 
 
Control ( glycine 
buffer) 
0,34019  ± 0,000026 
 
UHT 
0,35782  ± 0,000132 
 
Lipid free UHT 










Table B.26. Milk samples from different location in Turkey. (Figure 3.52) Mean 
values are obtained from tripcate readings and the reported errors are standart 
error of mean (SEM). 
Raw milk samples 
from 
Green Color Intensity 
Ratio 
Kırıkkale 0,38972 ± 0,000105 
Yahyalı 
0,38449 ± 0,000037 
 
Varollar 
0,38608 ± 0,000066 
 
Çamlık 
0,37569 ± 0,000123 
 
Bozova 
0,37965 ± 0,000147 
 
Kutludüğün 
0,38741 ± 0,000041 
 
Konya 
0,37409 ± 0,000018 
 
Burdur 




0,34528 ± 0,000025 
 
UHT 









Table B.27. Alkaline phosphatase concentration versus treatment time of milk at 
50˚C (Figure 3.53) Mean values are obtained from tripcate readings and the 




Green Color Intensity Ratio 
0 min 10 min 20 min 30 min 
0.1U/mL 

































































0,3658 ±   
0,000024 
 















Table B.28. Alkaline phosphatase concentration versus treatment time of milk at 
60˚C (Figure 3.54) Mean values are obtained from tripcate readings and the 




Green Color Intensity Ratio 









































































Table B.29. Milk samples from different location in Turkey versus treatment time 
of milk at 50˚C (Figure 3.55) Mean values are obtained from tripcate readings and 
the reported errors are standart error of mean (SEM). 
Raw Milk 
Samples 
Green Color Intensity Ratio 













































































Table B.30. Milk samples from different location in Turkey versus treatment time 
of milk at 60˚C (Figure 3.56) Mean values are obtained from tripcate readings and 
the reported errors are standart error of mean (SEM). 
Raw Milk 
Samples 
Green Color Intensity Ratio 





0,37096 ±  
0,000105 
0,3662 ±  
0,000063 
















0,38051 ±  
0,000183 
0,37415 ±  
0,000165 










0,36339 ±  
0,000048 
Bozova 
0,37965 ±  
0,000077 
 
0,37567 ±  
0,000172 
0,37216 ±  
0,000157 











0,36184 ±  
0,000245 
UHT 
0,36014 ±  
0,000135 
 
0,35876 ±  
0,000118 
0,3555 ±  
0,000068 








Table B.31. The detection limit of the addition of raw milk to UHT milk .(Figure 
3.58) Mean values are obtained from tripcate readings and the reported errors are 
standart error of mean (SEM). 
Addition of  Raw Milk 
to UHT  
Green Color Intensity 
UHT 0,34927 ± 0,001229 
1% 0,35408 ± 0,001792 
5% 0,36606 ± 0,00169 
10% 
 
0,37575 ± 0,0017 
20% 0,37289 ± 0,001452 
30% 0,37906 ± 0,001446 
40% 0,38673 ± 0,001538 
50% 0,38691 ± 0,00176 
60% 0,387 ± 0,001436 
70% 0,39171 ± 0,000565 
80% 0,39391 ± 0,00124 









Table B.32. The stability of bioreporter at 4˚C and room temperature .(Figure 3.60) 
Mean values are obtained from tripcate readings and the reported errors are 
standart error of mean (SEM). 
Stability of 
Constructed Paper 
Green Color Intensity 





0,35019 ± 0,000143 
 
0,35021 ± 0,000224 
 
10 
0,35317 ± 0,000256 
 
0,35344 ± 0,000192 
 
20 
0,35569 ± 0,000024 
 
0,35938 ± 0,000069 
 
30 
0,35672 ± 0,000189 
 
0,36587 ± 0,000071 
 
40 
0,35728 ± 0,000091 
 
0,36985 ± 0,000431 
 
50 
0,36214 ± 0,000112 
 
0,37319 ± 0,000246 
 
60 
0,36631 ± 0,000042 
 
0,37811 ± 0,000138 
 
70 
0,36893 ± 0,000058 
 










Table B.33. The measurement of standard alkaline phosphatase activity based on  
absorbance at 405 nm per 5 min versus alkaline phosphatase activity.(Figure 3.61) 
Mean values are obtained from tripcate readings. 
ALP concentration 
Absorbance at 405 
nm / 5 min 
0.1 U/mL 0,00206 
0.5 U/mL 0,0103 
1.0 U/mL 0,0236 
2.0 U/mL 0,041 
2.5 U/mL 0,0614 
4.0 U/mL 0,0822 
5.0  U/mL 0,1128 
10.0 U/mL 0,1625 
 
Table B.34. The measurement of alkaline phosphatase activity in raw milk samples 
from  Kırıkkale and Bozova based on  absorbance at 405 nm per 5 min versus 




Raw milk samples 
Absorbance at 405 
nm / 5 min 
Kırıkkale  0,08281 
Bozova 
0,04159 
